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SECTION V I  
' 6 .  TRANSPONDER STATION 
The f u n c t i o n  of t h e  T r a n s p o n d e r  S t a t i o n  is t o  r e c e i v e ,  t r a n s l a t e ,  
a n d  r e t r a n s m i t  s i g n a l s  c o n t a i n i n g  a r a n g i n g  code from a n  AROI) 
A i r b o r n e  Veh ic l e .  The T r a n s p o n d e r  is  c a p a b l e  of * a u t o m a t i c  
a c q u i s i t i o n  and  t r a c k i n g  t h u s  a l l o w i n g  t h e  u s e  of unmanned g round  
' s t a t i o n s ,  To a c h i e v e  these  o b j e c t i v e s $  two r e c e i v e r s  a r e  
u t i l i z e d ;  a VHF r e c e i v e r  f o r  r a p i d  a c q u i s i t i o n  and  s t a t i o n  c o n t r o l  
and  a n  S-Band r e c e i v e r  f o r  t r a c k i n g .  
C o n s t r a i n t s  n o t  u s u a l l y  found  i n  g round  equ ipmen t  were p u t  
on  t h e  t r a n s p o n d e r  w i t h  r e s p e c t  t o  s i z e ,  w e i g h t ,  and  power 
r e q u i r e m e n t s .  A l though  t h e  t r a n s p o n d e r  is r a c k  mounted f o r  
c o n v e n i e n c e  d u r i n g  f e a s i b i l i t y  s t u d i e s ,  t h e  t w o  r e c e i v e r s  and  
power s y s t e m ,  b e i n g  s e l f - c o n t a i n e d  i n  s e p a r a t e  d r a w e r s ,  c a n  be 
i n d i v i d u a l l y  e n c l o s e d .  T h i s  r e s u l t s  i n  u n i t s  which  a re  e a s i l y  
t r a n s p o r t a b l e  and  v e r s a t i l e  i n  t h e i r  power source r e q u i r e m e n t s .  
Common d e s i g n s  be tween V e h i c l e  and  T r a n s p o n d e r  e q u i p m e n t s  were 
h t i l i z e d  w h e r e v e r  p o s s i b l e .  Veh ic l e  cordwood m o d u l e s  a r e  u s e d  
w h e r e v e r  r e c e i v e r  d e s i g n s  c o i n c i d e d .  
To maximize r e l i a b i l i t y ,  a l l  components  were c h o s e n  t o  o p e r a t e  
a t  25% of t h e i r  v o l t a g e ,  c u r r e n t ,  or power r a t i n g s  u n l e s s  con-  
s t r a i n e d  by o t h e r  f a c t o r s .  Also ,  i n t e g r a t e d  c i r c u i t s  were 
employed whenever  p r a c t i c a l ,  
The T r a n s p o n d e r  S t a t i o n  c o n s i s t s  of two r e c e i v e r s  a n d  a 
T r a n s m i t t e r .  The S t a t i o n  C o n t r o l  R e c e i v e r  r e c e i v e s  a 138 MHz 
PSK/PM/PM s i g n a l  wh ich  c o n t a i n s  a l l  i n s t r u c t i o n s  f o r  t h e  t r a n s -  
p o n d e r .  The S t a t i o n  T r a c k i n g  R e c e i v e r  r e c e i v e s  a 2214  MHz 
PN/bi-phase m o d u l a t e d  s i g n a l  a n d  t h e  t r a n s m i t t e r  r e t r a n s m i t s  t h e  
Fame code a t  1800 MHz. A f u n c t i o n a l  b l o c k  d i a g r a m  of t h e  
T r a n s p o n d e r  S t a t i o n  is  shown i n  F i g u r e  6-1. B r i e f  d e s c r i p t i o n s  




Figure 6-1. AROD Transponder 
6-2 
6.1  PHYSICAL DESCRIPTION 
% 
E x t e r n a l  p h y s i c a l  d e t a i l s  of t h e  T r a n s p o n d e r  S t z i t i o n  Rack 
a r e  shown in F igures  6-2 and 6-3. The r a c k  is a 41- inch  
s t a n d a r d  19 - inch  c a b i n e t  c o n t a i n i n g  f o u r  a s s e m b l i e s .  The 
a s s e m b l i e s  a r e  l i s t e d  i n  T a b l e  6-1. The TWTA a s s e m b l y  is a 
15- inch  by 30 - inch  p l a t e  c o n t a i n i n g  t h e  TWTA, a f a n ,  o u t p u t  
s i g n a l  f i l t e r s ,  and a s m a l l  c o n t r o l  p a n e l .  
TABLE 6-1. L i s t  of Assemblies . 
S t a t i o n '  T r a c k i n g  R e c e i v e r  
Power A m p l i f i e r  
AC/DC C o n v e r t e r  
TWTA A s s e m b l y  
Rack power and R-F s i g n a l  c o n n e c t i o n s  a r e  made a t  t h e  c o n n e c t o r  
p a n e l  a t  t h e  r e a r  of t h e  r a c k ,  shown i n  F i g u r e  6-3. 
The t o p  a s sembly  is t h e  S t a t i o n  C o n t r o l  R e c e i v e r  ( 1 A l ) .  The 
n e x t  lower as sembly  is  t h e  S t a t i o n  T r a c k i n g  ' R e c e i v e r  (1A2).  
, T h i r d  a s sembly  is t h e  Power A m p l i f i e r  ( 1 A 3 )  and t h e  bot tom assembly  
is  t h e  AC/DC c o n v e r t e r  (1A4).  
S t a t i o n  m o n i t o r  j a c k s  for i n t e r c o n n e c t i o n  t o  t h e  T r a n s p o n d e r  
Check-Out Equipment  a r e  l o c a t e d  i n  t h e  f r o n t  lower r i g h t - h a n d  
c o r n e r  of e a c h  a s s e m b l y ,  Memory l o a d i n g  i n t e r c o n n e c t i o n  j a c k s  
a r e  l o c a t e d  i n  t h e  f r o n t  l ower  l e f t - h a n d  c o r n e r  of t h e  S t a t i o n  
C o n t r o l  R e c e i v e r  ' ( 1 A l ) .  
Assemblies 1 A 1 ,  1 A 2 ,  and  1 A 3  a r e  s l i d e  mounted d r a w e r s  w i t h  
d u s t  t i g h t  covers.  The AC/DC c o n v e r t e r  a s s e m b l y  1A4 is  mounted 
d i r e c t l y  t o  t h e  c a b i n e t ,  A c o n v e n i e n c e  110 VAC raceway w i t h  
f i v e  j a c k s  is p r o v i d e d  i n s i d e  t h e  r a c k  for t e s t  equ ipmen t  -power. 
6-3 
I , 





F i g u r e  5-3. Transponder  Rack,  Rea r  V i e w  
6-5 
1 
6.1.1 S t a t i o n  C o n t r o l  R e c e i v e r  ( 1 A l )  
I 
The S t a t i o n  C o n t r o l  R e c e i v e r  is  a p a n e l  and c h a s s i s  a s s e m b l y  
c o n t a i n i n g  s i x t e e n  modular  a s s e m b l i e s  i n c l u d i n g  three power 
s u p p l i e s ,  th ree  6 x 6 d i g i t a l  c a r d s ,  and t e n  R-F modules. See 
F i g u r e  6-4. L o c a t i o n  of t h e  modules  i s  shown i n  F i g u r e  6-5. 
Module i d e n t i f i c a t i o n s  a r e  g i v e n  i n  T a b l e  6-2. 
i 1 
The f r o n t  p a n e l  c o n t a i n s  two meters,  ( r e c e i - v e r  A G C  and dynamic 
phase  e r ror ) ,  two R-F t e s t  s i g n a l  j a c k s ,  ( 3 . 2  MHk and 17 MHz) and 
f o u r  t o g g l e  s w i t c h e s  f o r  s e t t i n g  t h e  s t a t i o n  i d e n t i f i c a t i o n  code. 
T e s t  o u t p u t s  and  memory l o a d i n g  j a c k s  a r e  a l s o . p r o v i d e d .  
I 
f 
R e c e i v e r  i n p u t  and o u t p u t  s i g n a l s  and  a s sembly  powek a r e  con- 
n e c t e d  a t  t h e  r e a r  p a n e l  t h r o u g h  11 R-F j a c k s  and  t w o  MS 
c o n n e c t o r s .  F o u r  f u s e s  a r e  a l s o  mounted o n  t h e  t e a r  p a n e l .  . 
One s p a r e  R-F module s p a c e  and one s p a r e  d i g i t a l  6 x 6 c a r d  
s p a c e  is p r o v i d e d .  Space  is a l s o  a v a i l a b l e  f o r  t h e  a d d i t i o n  of 
up t o  13 Modules and /o r  d i g i t a l  cards  f o r  f u t u r e  e x p a n s i o n  o f  
a s sembly  f u n c t i o n s .  
I 6 . 1 . 2  S t a t i o n  T r a c k i n g  R e c e i v e r  
I 
The S t a t i o n  T r a c k i n g  R e c e i v e r  is a p a n e l  and c h a s s i s  a s s e m b l y  
c o n t a i n i n g  22  modular  a s s e m b l i e s  i n c l u d i n g ,  three 6 x 6 d i g i t a l  
c a r d s  and 19 R-F modu les .  See  F i g u r e  6-6. L o c a t i o n  o f  t h e  
modules  is shown i n  F i g u r e  6-7 and modu'le i d e n t i f i c h t i o n s  a r e  
g i v e n  i n  T a b l e  6-3 
The f r o n t  p a n e l  c o n t a i n s :  two meters,  ( r e c e i v e r  AGC and 
dynamic phase  e r ror ) ;  two R-F t e s t  s i g n a l  j a c k s ,  ( 1 2 . 8  MHz 
VGO and r e c e i v e r  AGC); and a s s o r t e d  t e s t  j a c k s .  R e c e i v e r  
i n p u t  and o u t p u t  s i g n a l s  and a s sembly  power a r e  c o n n e c t e d  a t  t h e  
r e a r  p a n e l  t h r o u g h  s e v e n  R-F j a c k s  and t w o  MS c o n n e c t o r s .  A 
TEST/OPERATE s w i t c h  is a l s o  mounted on  t h e  r e a r  p a n e l  
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TABLE 6-2. S t a t i o n  C o n t r o l  Receiver Module L o c a t i o n s  I 
Module 
1 A  1 A  1 
1 A  1A2 
1 A  1 A 3  
1 A l A 4  
1 A  1 A 5  
1 A l A 6  
1 A  1A7 
1 A l A 8  
1 A  1 A 9  
1 A  1 A  10 
l A l A l l  
i~ IA 12 




T i t l e  
F i l t e r ,  B a n d p a s s ,  VHF 
C o n v e r t e r ,  F r e q  - VHF 
Ampl, I-F - A G C ,  
Gen, LO - REF 
O s c ,  V o l t a g e  C o n t ,  - 17 MHz 
D e t  , , Radio  F r e q  
S y n t h ,  F r e q  
O s c ,  F r e q .  P r e s e t  
F r e q  D i v ' i d e r ,  F r e q  P r e s e t  
Data  Demod N o .  1 
Da ta  Demod N o .  2 
L o g i c ,  S t a t i o n  C o n t r o l  
O s c ,  Ref - 3.2 MHz 
I I 
? 
+3.5 V o l t  S u p p l y  
-9 V o l t  Supp ly  





TABLE 6-3. S t a t i o n  Tracking Receiver Module Location %. 
I 

























Converter ,  Frequency S-Band 
Frequency M u l t i p l i e r  X 1 4  
Frequency M u l t i p l i e r  X5/16 
O s c i l l a t o r ,  Voltage Cont ro l led  
12.8 MHz 
Mixe rg, Intermediate  Frequency 
8 MHz 
Ampl i f ie r ,  In te rmedia te  
Frequency 8 MHz 
De tec to r ,  Radio Frequency 8 MHz 
Detec tor ,  Radio Frequency- 
Ranging Loop 
Detec tor ,  Radio Frequency- 
Frequency P r e s e t  
Mixer, Doppler 
De tec to r ,  Radio Frequency 
38 .4  MHz 
O s c i l l a t o r ,  Voltage Cont ro l led-  
Doppler 
Doppler Sign Detector  
Mixer, Synthes izer  Loop 
Frequency Divider ,  Synthes izer  
Loop 
O s c i l l a t o r ,  Voltage Control led-  
S y n t he s i ze r Loop 
Frequency Mu 1 t i p l  i e  r /Modu l a  t or X2 
Fre que nc y Mu 1 t i p l  i e  r /Modu l a  t o r  
X8 and X4 
Code Cont ro l  No, 1 
Code Control  No, 2 
Bias Converter - F i l t e r  





I lA2A21 ' SPARE 
1A2A1 
i 1 1 ~ 2 ~ 1 8  1A2A2 I 
I 1 I 
I ! 1 ~ 2 ~ 3  . 1 ~ 2 ~ 1 7  I 
I 1A2A5 ' 1A2A16 I 
I 1A2A6 1A2A15 
I t 
I 1 ~ 2 ~ 4  1A2All 
I SPARE 1 ~ 2 ~ 1 3  . .  
1A2A22 ' * I  
I I .  . .  
I . .  1A2A19 . 
. ,  






Power A m p l i f i e r  (lA3) b I 
power a m p l i f i e r  is  a p a n e l  and c h a s s i s  as ,sembly w i t h  thermal 
I 
f l o o r p l a t e .  F i g u r e  6-8 is  a t o p  view o f  t h e  d r a w e r  and Figure 6-9 ! 
shows t h e  l a y o u t ,  F o u r  DC/DC c o n v e r t e r s ,  one f i l t e r ,  three 
t e r m i n a l  b o a r d s ,  a r e l a y  a s s e m b l y ,  and two t h e r m a l  switches a r e  
a o u n t e d  on t h e  t o p  s i d e  o f  t h e  thermal  p l a t e .  
mounted o n  t h e  lower  s i d e .  D r i v e r  c i r c u i t r y  is l o c a t e d  on  t h e  
re lay, a s s e m b l y ,  




Two m u l t i p i n  j a c k s  a r e  ,mounted on t h e  r e a r  p a n e l  t o  c a r r y  
power i n  and  o u t  o f  t h e  d r a w e r .  F i v e  f u s e s  and two R-F j a c k s  a r e  1 
a l s o  mounted on  the r e a r  o f  t h e  d r a w e r .  The f r o n t  p a n e l  con- 
t a i n s  one  m u l t i p i n  j a c k .  
6 . 2  STATION CONTROL RECEIVER 
/ 
T h i s  s u b s e c t i o n  is d e v o t e d  t o  t h e  d i s c u s s i o n  bf the s t a t i o n  
c o n t r o l  d r a w e r .  F i v e  e s s e n t i a l  f u n c t i o n s  a r e  c o v e r e d  a s  shown 
i n  F i g u r e  6-10. 
1. 
2 .  






2 .  
3. 
C o n t r o l  R e c e i v e r  
Preset  S y n t h e s i z e r  
R e f  e r e n c e  S y n t h e s i z e r  
C o n t r o l  Da ta  Demodulator  
C o n t r o l  L o g i c  
C o n t r o l  R e c e i v e r  
b a s i c  r e q u i r e m e n t s  f o r  t he  C o n t r o l  R e c e i v e r  a r e :  
Acquire and phase  l o c k  t o  a VHF 138 MHz phase  modu la t ed  
s i g n a l  h a v i n g  26 kHz o f  Dopp le r  o f f s e t ,  w i t h  l e v e l s  from 
-60 dBm t o  -130 dBm. 
Acquire and l o c k  t o  the  above s i g n a l  i n  m i n i m u m  t ime,  
Be t u n a b l e  f rom 135 t o  150  MHz i n  2 5  kHz i n c r e m e n t s .  
C a r r i e r  Loop 
A f u n c t i o n a l  b l o c k  d i ag ram of t h e  VHF r e c e i v e r  c a r r i e r  l o o p  is 





















6-1 5 I 
























The r e c e i v e r  is a na r row band ,  carr ier  t r a c k i n g  s y s t e m  approxi- 
m a t i n g  a Type-one,  s e c o n d  order s e r v o  loop. A wide loop bandwid th  
is p r o v i d e d  for r a p i d  carr ier  a c q u i s i t i o n  w h i c h  s w i t c h e s  t o  a 
narrow band loop a f t e r  a c q u i s i t i o n  t o  g i v e  t h e  d e s i r e d  t h r e s h o l d  
c h a r a c t e r i s t i c s .  
The loop is l i n e a r ,  i . e . ,  w i t h o u t  a l imiter,  so t h a t  t h e  loop 
n o i s e  bandwid th  is e s s e n t i a l l y  c o n s t a n t  o v e r  a l l  s i g n a l  l e v e l  con-  
d i t i o n s .  T h e  r e c e i v e r  a l s o  c o n t a i n s  a c o h e r e n t  AGC s y s t e m .  Sig-. 
n a l  f l o w  is a s  follows: 
1 
Y 
The i n p u t  s i g n a l  is passed t h r o u g h  a f o u r - s e c t i o n  p r e s e l e c t o r  
\ 
w i t h  a 7 MHz bandwid th  t o  r e d u c e  i n t e r f e r e n c e  s i g n a l s  a n d  t h e n  
a m p l i f i e d  before c o n v e r s i o n  t o  t h e  f i r s t  I-F f r e q u e n c y .  The  
a m p l i f i e r  r e d u c e s  r e c e i v e r  n o i s e  f i g u r e  and a t t e n u a t e s  l o c a l  
o s c i l l a t o r  s i g n a l  f lows back t o  t h e  s i g n a l  i n p u t  j ack .  The i n p u t  
s i g n a l  is t h e n  c o n v e r t e d  t o  a f i r s t  I -F f r e q u e n c y  of a p p r o x i m a t e l y  
42 MMHZ i n  a d o u b l e  b a l a n c e d  mixer. The mixer is  wideband a n d  does 
n o t  c o n t a i n  t u n i n g  of b a i a n c e  a d j u s t m e n t s .  
The s i g n a l  is  a m p l i f i e d  a t  t h e  f i r s t  I -F f r e q u e n c y  a n d  con-  
v e r t e d  t o  t h e  s e c o n d  I-F f r e q u e n c y  i n  a s e c o n d  b a l a n c e d  m i x e r .  
The  r e s u l t a n t  9.6 MHz s i g n a l  is  p a s s e d  t h r o u g h  a 150 kHz p r e d e -  
t e c t i o n  f i l t e r  a n d  t h e n  f e d  t o  t h e  s e c o n d  I-F a m p l i f e r  where  g a i n  
c o n t r o l  is a c c o m p l i s h e d ,  / A. l imi te r  is u s e d  a t  the  s e c o n d  I-F 
a m p l i f i e r  o u t p u t  t o  p r e v d n t  n o i s e  f rom u n b a l a n c i n g  t h e  loop p h a s e  
detector when t h e  l o o p  is u n l o c k e d .  However,  t h e  limiter t h r e s h -  
o l d  is set a b o v e  t h e  s i g n a l  p l u s  RMS n o i s e  power l e v e l  so  t h a t  
s i g n a l  s u p p r e s s i o n  does n o t  o c c u r  a t  t h r e s h o l d  s i g n a l  l e v e l s ,  The 
9 .6  MHz s i g n a l  is phase compared t o  a l o c a l  9.6  MHz r e f e r e n c e  
s i g n a l  g e n e r a t e d  f rom t h e  S t a t i o n  Master O s c i l l a t o r  a n d  t h e  resul t -  
i n g  D-C error v o l t a g e  is f i l t e r e d  a n d  ampl i f i ed  i n  t h e  loop f i l t e r .  
I 
S 
The loop f i l t e r  o u t p u t  is t h e n  u s e d  t o  c o n t r o l  t h e  loop v o l t -  
age c o n t r o l l e d  o s c i l l a t o r .  The  VCO f r e q u e n c y  is m u l t i p l i e d  by 
X2 a n d  X3 t o  g e n e r a t e  t h e  f i r s t  and  s e c o n d  l o c a l  o s c i l l a t o r  s i g -  
n a l s ,  t h u s  c l o s i n g  t h e  loop. 
c o h e r e n t  a m p l i t u d e  detec or and t h e  CAD o u t p u t  is  f i l t e r e d  and  
A s e c o n d  l imiter o u t p u t  is  f e d  t o  a 
t i 1 I 
i i 
1 I I t 
t 
6-18 1 
' 1  
a m p l i f i e d  t o  form t h e  AGC v o l t a g e  u s e d  t o  g a i n  c o n t r o l  t h e  s e c o n d  
I-F s i g n a l .  i '* 
The p r e d e t e c t i o n  f i l t e r  is s u f f i c i e n t l y  wide  t o  p a s s  m o d u l a t i o n  
s i g n a l s  on  t h e  carr ier  so t h a t  t h e  l o o p  detector p r o v i d e s  t h e  de- 
modu la t ed  18.75 kHz s u b c a r r i e r .  The s u b c a r r i e r ,  c o n t a i n i n g  coded 
c o n t r o l  s i g n a l s  is a m p l i f i e d  and  f e d  t o  t h e  da t a  d e m o d u l a t o r  
c i r c u i t r y .  
Loop bandwidth  s w i t c h i n g  is a c c o m p l i s h e d  by c h a n g i n g  l o o p  f i l t e r  
t i m e  c o n s t a n t s .  T h i s  is done  by i n c r e a s i n g  t h e  . f i l t e r  r e s i s t a n c e  
when t h e  r e c e i v e r  is l o c k e d ,  by u s i n g  t h e  AGC v o l t a g e  t o  c o n t r o l  
a n  FET ga te .  
The r e c e i v e r  l o o p  is o p t i m i z e d  ( i . e . ,  t h e  damping fac tor  a d j u s t e d  
t o  be 0.707) fo r  a n  i n p u t  c a r r i e r  s i g n a l  l e v e l  of -130 dbm. 





6 -1 10 secs 
P h a s e  detector g a i n  6.7 m i l l i v o l t s / d e g r e e  
f 
I VCO g a i n  
Lobp f i l t e r  D-C g a i n  
F requency  m u l t i p l i e r s  
1500 H z / v o l t  
35 v o l t s ~ v o l t  
8 
W i t h  t h e  g i v e n  l o o p  p a r a m e t e r s ,  i t  would n o r m a l l y  be p o s s i b l e  
t o  a c q u i t e  a n  1 8 . 7 5  kHz s i d e b a n d  i n s t e a d  of t h e  c a r r i e r  I-F 
Dopp le r  s h i f t  were maxim$m. S ideband  lock is p r e c l u d e d  by l i m i t -  
i n g  t h e  c o n t r o l  v o l t a g e  o u t p u t  of t h e  p h a s e  l o o p  D-C A m p l i f i e r .  
Loca 1 O s c i l l a t o r  Select i o n  
I t  is r e q u i r e d  t h a t  the VHF receiver be t u n a b l e  i n  25 kHz s t e p s  
t o  r e c e i v e r  s i g n a l s  f rom 135 t o  150 MHz. 
The f r e q u e n c y  of t h e  l o c a l  o s c i l l a t o r  i s  r e l a t e d  t o  t h e  i n p u t  
f r e q u e n c y  as f o l l o w s  . 
- f i n  f r  








f r  = 
N =  
.'.f = 
I 
Detector r e f e r e n c e  = 9.6 MHz 
LO m u l t i p l i e r  = 8 
f i n  - 9.6 
8 
Since f in  v a r i e s  i n  2 5  kHz s t e p s  f v  w i l l  v a r y  i n  25/8 = 3 . 1 2 5  
 HZ ' s t e p s .  
I 
1 
1 For a 138 MHz i n p u t  
- 138 - 9 * 6  = 16,05 MHz f v  - 8 
Preset S y n t h e s i z e r  I 1 
The f u n c t i o n  o f  t h e  Preset ' S y n t h e s i z e r  i s  t o  d e v e l o p  a 12.8 MHz 
s i g n a l  c o n t a i n i n g  a D o p p l e r  s h i f t  w h i c h  is d i r e c t l y  p r o p o r t i o n a l  t o  
t h a t  of t h e  i n p u t  s i g n a l .  T h i s  1 2 . 8  MHz s i g n a l  is t h e n  u s e d  a s  a 
r e f e r e n c e  t o  preset t h e  T r a c k i n g  R e c e i v e r  l o c a l  o s c i l l a t o r  t h u s  
e l i m i n a t i n g  f r e q u e n c y  s e q r c h  a t  S-band. 
3 
: F i g u r e  6-12 shows t h e  ' f r e q u e n c y  c o n v e r s i o n  l o  p o f  t h e  C o n t r o l  
R e c e i v e r  *and t h e  f i r s t  mixer of  t h e  Preset S y n t h e ' s i z e r .  The 9 .6  
MHz s i g n a l ,  u s e d  a s  a r e f e r e n c e  f o r  t h e  p h a s e  d e t e c t o r ,  c o n t a i n s  
a f r e q u e n c y  o f f s e t ,  E, When t h e  c a r r i e r  l o o p  i s - l o c k e d ,  t h e  l oca l  
o s c i l l a t o r  c o n t a i n s  a n  error ~ / 8  a s  shown i n  F i g u r e  6-12.  
I n  order  t o  remove t h i s  f r e q u e n c y  error,  t h e  9.6 MHz r e f e r e n c e .  
is d i v i d e d  by 8 and  added  i n  a mixer t o  t h e  VCO o u t p u t .  T h e  
errors c a n c e l  a n d  t h e  mixer o u t p u t  is: 
f D  *i ' f D  
8 - f r -I- f v  "8= 8 
T h i s  s i g n a l  is s h o w n . a s  t h e  r e f e r e n c e  i n p u t  t o  t h e  Preset 
S y n t h e s i z e r  ( F i g u r e  6-13), The  1 2 . 8  MHz VCO is phase l o c k e d  t o  
t h i s  r e f e r e n c e .  
The c o n t r o l  r e c e i v e r  l o c a l  o s c i l l a t o r  may c h a n g e  f r e q u e n c y  i n  
I 
s t e p s  of  3125 H z  a s  shown i n  p a r a g r a p h  6 . 2 . 1 . 3 .  To  accommodate 
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Q l  
6-22 
p r o v i d e  f i x e d  3 1 2 5  Hz s i g n a l s  t o  t h e  p h a s e  d e t e c t o r ,  The f r e q u e n c y  
r e l a t i o n s h i p s  of t h e  loop are shown i n  F i g u r e  6-13. 
i n p u t s  t o  t h e  d e t e c t o r  are  c o h e r e n t ,  t h e  f o l l o w i n g  e q u a t i o n  h o l d s  
S i n c e  t h e ,  
f D  + f v  +-g- - *r 8 
K2 A 
= 12.8 MHz where:  
1 = 9 . 6  MHz 
f O  
f r  
= C o n t r o l  R e c e i v e r  l o c a l  o s c i l l a t o r  
f V  I 
f D  = D o p p l e r  t 
To d e f i n e  K1 a n d  K 2 ,  assume f '  t o  be c e n t e r  f r e q u e n c y  of re- 
V 
c e i v e r  o s c i l l a t o r  w i t h  n o  D o p p l e r  p r e s e n t .  Then! 




V - f:- - - -  3 '3: f o  8 K =  1 
6 
K2 = 3125 - 3 125  
1.2 x 10 + f; - f r + f v  8 - 
1 
For f; = 16.05 MHz 
I 6 
1.95 x 10 = 624 K1 = 3 125 
- 17.25 x lo6 
3 125 K2 = 
Loop parameters are 
5520 . 
a s  f o l l o w s :  
. 
- Loop Bandwidth (e,) = 15 He 
63.2.2 R e f e r e n c e  S y n t h e s i z e r  
I 
; The reference s y n t h e s i z e r  p r o v i d e s  coherent f i x e d  frequencies 




As shown i n  F i g u r e  6-14 ,  t h e  s p n t h e s i z e r  c o n s i s t s  of a pre- 
c i s i o n  m a s t e r  o s c i l l a t o r  o p e r a t i n g  a t  3.2 MHz d r i v i n g  a combinaF 
t i o n  o f  m u l t i p l i e r s .  E a c h  m u l t i p l i e r  is b u f f e r e 4  fo r  bo th  i ts 
% n p u t '  and e a c h  o u t p u t .  The m u l t i p l i e r s  o p e r a t e  i n  a b a l a n c e d  
c o n f i g u r a t i o n  t o  g i v e  minimum c o h e r e n t  s p u r i o u s  o u t p u t  w i t h  non- 
C r i t i c a l  f i l t e r i n g .  
I 
The  9.6 MHz o u t p u t s  p r o v i d e  r e f e r e n c e s  f o r  t h e  c o n t r o l  r e c e i v e r  
p h a s e  detectors, t h e  p r e s e t  s y n t h e s i z e r  f i r s t  mixer, and  a n  
a u x i l i a r y  o u t p u t .  The 8 MHz o u t p u t s  p r o v i d e  f r q q u e n c y  b i a s  and 
P h a s e  detector d r i v e  i n  t h e  t r a c k i n g  r e c e i v e r .  The 19.2 M H z  o u t -  
p u t  is  u s e d  a s  a r e f e r e n c e  d u r i n g  D o p p l e r  r e v e r s e  o p e r a t i o n  of 
t h e  t r a c k i n g  t r a n s m i t t e r .  
6.3 CONTROL DATA DEMODULATOR 
1 
The T r a n s p o n d e r  S t a t i o n  C o n t r o l  Da ta  Demodula tor  a c c e p t s  t h e  
base band s i g n a l  from t h e  VHF S t a t i o n  C o n t r o l  R e c e i v e r ,  demodu- 
lates t h e  b i n a r y  d a t a ,  and  r e c o v e r s  t h e  s u b - b i t  t i m i n g  r e f e r e n c e .  
The  s e r i a l  b i n a r y  d a t a  and  t h e  s u b - b i t  clock are p r e s e n t e d  t o  t h e  
S t a t i o n  C o n t r o l  L o g i c ,  w h e r e  t h e  c o n t r o l  i n s t r u c t i o n s  a r e  decoded.  
The f u n c t i o n  block d iag ram of t h e  Da ta  Demodula tor  is shown i n  
F i g u r e  6-15. The i n p u t  s i g n a l  is t h e  th ree  p h a s e  m o d u l a t i o n  of 
a n  18.75 MIz s u b c a r r i e r  a s  d e s c r i b e d  i n  s p e c i f i c i a t i o n  12-25607F. 
T h i s  s i g n a l  h a s  a s t r o n g  component of t h e  r e f e r e n c e  p h a s e  t o  
w h i c h  t h e  s u b c a r r i e r  loop locks .  The  demodula ted  Return- to-Zero  
(RZ) s i g n a l  is t a k e n  from t h e ' e r r o r  p o i n t  of t h i s  l o o p ,  m u l t i p l i e d  
by t w o ,  and  t h e  s u b - b i t  t i m i n g  f r e q u e n c y  is r e c o v e r e d  i n  t h e  sub-  
b i t  l o o p ,  T h e  s u b - b i t  t i m i n g  f r e q u e n c y  or clock is used  by t h e  de- 
modu la to r  t o  r e c o v e r  t h e  s e r i a l  b i n a r y  d a t a  w i t h  matched f i l t e r  de-  
t e c t i o n ,  A lock detector o p e r a t i n g  w i t h  t h e  s u b - b i t  s y n c  is u s e d  
t o  s i g n a l  t h e  S t a t i o n  C o n t r o l  Log ic  when t h e  d a t a  a r e  v a l i d .  
The T r a n s p o n d e r  C o n t r o l  Da ta  Demodula tor  i s  l o c a t e d  i n  t h e  YHF 
Receiver d r a w e r  of  t h e  T r a n s p o n d e r  Equipment r a c k ,  The demodu- 
l a t o r  c o n s i s t s  of  t w o  6" x 6" p r i n t e d  c i r c u i t  c a r d s ,  l A l A l O  and 
3 . A l A 1 1  of t h e  VHF R e c e i v e r  d r a w e r .  A t o t a l  of 270 discrete  
i 
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homponents  were u s e d  t o  implement  t h e  c i r c u i t r y .  Of k h e s e  com- 
p o n e n t s ,  25 a re  packaged  i n  t h e  three s t a n d a r d  f i l t e r  modu les ,  ' 
36 are  packaged  i n  t h e  three phase detector r e f e r e n c e  d r i v e r  
modu les ,  and  19 a r e  packaged  i n  t h e  i n t e g r a t e d  c i r c u i t  logic  
module w h i c h  a l s o  c o n t a i n s  t h e  11 i n t e g r a t e d  c i r c u i t s  t h a t  are 
u s e d  i n  t h e  logic p o r t i o n  of t h e  d e m o d u l a t o r .  The  r e m a i n i n g  com- 
p o n e n t s  a re  mounted d i r e c t l y  on t h e  c i r c u i t  boards. No e f f o r t  
was made t o  f u r t h e r  r e d u c e  t h e  s ize of t h e  equ ipmen t  b e c a u s e  there 
was no  space p rob lem i n  t h e  p a c k a g i n g  scheme a n d  no  rea l  a d v a n t a g e  
k o u l d  be o b t a i n e d  a t  t h i s  p o i n t  by b u i l d i n g ,  a t  a n  i n c r e a s e  i n  
cost  and  l a b o r ,  smal l  q u a n t i t i e s  of s p e c i a l i z e d  modules .  I n  f u t u r e  
a p p l i c a t i o n s ,  where  s ize '  r e q u i r e m e n t s  or l a rge r  b r o d u c t i o n  quan-  
t i t i e s  make t h e  added e x p e n d i t u r e s  f e a s i b l e ,  t h e  equ ibmen t  would  
r e a d i l y  a d a p t  t o  modular  p a c k a g i n g ,  e i ther  cordw od or h y b r i d  
i n t e g r a t e d  c i r c u i t r y .  
* i  
The c i r c u i t r y ,  w h i c h  ;is l a r g e l y  d i g i t a l  i n  n a t u r e ,  r e q u i r e s  a 
t o t a l  power i n p u t  of 1.12 w a t t s .  T h i s  is s u p p l i e d  as :  40 ma a t  
3.5 v d c ,  50 ma a t  +9.0 v d c ,  and  55 ma a t  -9.0 v d c .  
A block diagram of t h e  T r a n s p o n d e r  C o n t r o l  Data Demodula tor  is 
p r e s e n t e d  i n  F i g u r e  6-15. T h i s  is a basic,  diagram of t h e  f i n a l  
i m p l e m e n t a t i o n  of t h e  Demodu la to r .  T h i s  s e c t i o n ! p r e s e n t s  a d i s -  
c u s s i o n  o f  t h e  t e c h n i c a l  c o n s t r a i n t s  t h a t  i n f l u e n c e d  t h e  d e s i g n  
of t h e  v a r i o u s  c i r c u i t s  t h a t  a re  u s e d  t o  implement  t h e  s u b s y s t e m ,  
The  g e n e r a l  f a c t o r s  t h a t  were c o n s i d e r e d  a r e  t h e  v a r i o u s  s i g n a l  
p a r a m e t e r s ,  t h e  s i g n a l  c o n d i t i o n i n g  r e q u i r e d ,  t h e  l o o p  perform- 
a n c e  r e q u i r e m e n t s ,  c i r c u i t  i m p l e m e n t a t i o n  l i m i t a t i o n s  and  o u t p u t  
s i g n a l  s p e c i f i c a t i o n s .  
The  Demodula tor  has t h e  b a s i c  f u n c t i o n  of  p r o c e s s i n g  t h e  VHF 
c o n t r o l  d a t a .  The b a s i c  d a t a  ra te  is FL/16 or a p p r o x i m a t e l y  780 
Hz. I n  t h e  V e h i c l e  Equ ipmen t ,  t h e  VHF d a t a  t r a n s i t i o n s  a r e  syn-  
c h r o n i z e d  to t h e  S-band r a n g e  code t r a n s i t i o n s .  The  s u b - b i t  s y n c  
(F~/16) must be c o n s t r u c t e d  s u c h . t h a t  t h e  t r a n s i t i o n s  of t h e  T r a n s -  
p o n d e r  s u b - b i t  s y n c  s i g n a l  w i l l  c o r r e s p o n d  i n  time w i t h  those o f  




T h i s  is a n  e s s e n t i a l  r e q u i r e m e n t  for  t h e  p r e s e t t i n g  of t h e  
T r a n s p o n d e r  L-code. S t a t i c  errors i n  t h e  t i m i n g  w i l l  be ad-  c 
j u s t e d  o u t  o f  t h e  VHF l i n k  by t h e  Demodu la to r ;  b u t  c h a n g e s  i n  
these errors  must  be m i n i m i z e d ,  since t h e y  c a n n o t  be c o n t r o l l e d ,  
The bes t  method of m i n i m i z i n g  t h e  effect  of t h e  c h a n g e s  is  t o  
m i n i m i z e  t h e  t o t a l  d e l a y  t h a t  must  be removed. The  s u b s y s t e m  
must  a l s o  p r o v i d e  t h e  d e m o d u l a t e d  VHF c o n t r o l .  d a t a  t o  t h e  S t a t i o n  
C o n t r o l  L o g i c .  The  t h r e s h o l d  error r a t e  is d e f i n e d  a s  a proba- 
b i l i t y  of b i t  error of 4 x lom5. T h e  r a t e  a t  w h i c h  t h e  Demodula- 
t o r  a c q u i r e s  a n d  b e g i n s  t o  p r o v i d e  these s i g n a l q  was minimized  t o  
a i d  i n  r a p i d  a c q u i s i t i o h  a n d  r e a c q u i s i t i o n  of tde VKF l i n k .  T h e  
a c q u i s i t i o n  t i m e  was min imized  w h e r e v e r  a n  u n n e c e s s a r y  c o m p l i c a -  
t i o n  of c i r c u i t r y  d i d  n o t  r e s u l t .  
The  18.75 kHz s u b c a r r i e r  m o d u l a t i o n  is  s t r i p p e d  from t h e  VHF 
s i g n a l  i n  t h e  S t a t i o n  C o n t r o l  R e c e i v e r  and  p r e s e n t e d  from a 2000 
ohm s o u r c e  impedance t o  t h e  C o n t r o l  Data Demoduzator .  T h e  s i g n a l  
c o n t e n t  of t h i s  i n p u t  i s , a  p h a s e  m o d u l a t e d  18.75 kHz s i g n a l .  The 
v o l t a g e  l e v e l  of t h i s  s i ! g n a l  i s  1.0 k0.2 v o l t s  dms. The  n o i s e  
: v o l t a g e  d e n s i t y  a t  t h r e s h o l d  is  n o m i n a l l y  8 m i l l i v o l t s  rms p e r  
Hz i n  a bandwid th  of a p p r o x i m a t e l y  118,000 H z .  
A p r e d e t e c t i o n  f i l t e r  is  r e q u i r e d  t o  improve  t h e  s i g n a l - t o -  
n o i s e  r a t i o  (SNR) of t h e  i n p u t  s i g n a l .  
r a n g e  r e q u i r e m e n t  for tHe s u b c a r r i e r  and  s u b - b i t  p h a s e  locked 
l o o p s  and  a l lows  a s i m p l i f i c a t i o n  of t h e  a s soc ia t ed  c i r c u i t r y .  
An e x c e s s i v e  d e l a y  c a n n o t  be t o l e r a t e d ,  however ,  s i n c e  t h e  v a r i -  
a t i o n s  i n  t h e  d e l a y  r e s u l t  i n  a n  u n c o n t r o l l e d  t i m i n g  error i n  t h e  
s u b - b i t  s y n c  r e f e r e n c e  o u t p u t .  A n o i s e  bandwid th  of 16 kHz was 
selected.  T h i s  r e s u l t s  i n  a t h r e s h o l d  SNR of 0 d b  a t  t h e  f i l t e r  
T h i s  r e d u c e s  t h e  dynamic 
o u t p u t .  
A phase l o c k e d  loop is  locked t o  t h e  f i l t e r e d  18.75 kHz s i g n a l .  
The l o o p  d e s i g n  p a r a m e t e r s  f o r  t h e  s u b c a r r i e r  r e f e r e n c e  l o o p  are: 
1. 28L = 100 510 HZ 
2. 5 = 0 . 7  k O . 1  a t '  t h r e s h o l d  
I 






phe r e s u l t i n g  p e r f o r m a n c e  parameters 
1. 
2.  P u l l - i n  r a n g e  = f300 H z  
Lock time, tL = 0.75 s e c o n d s  
are: 
T h i s  loop conf  i g u r a t i o n  is d e t e r m i n e d  by a t r a d e - o f f  of c i r c u i t  
c o m p l e x i t y  v e r s u s  lock t i m e ,  p h a s e  j i t t e r ,  a n d  b p n d w i d t h ,  The  
demodu la t ed  RZ s i g n a l  i d  t a k e n  from t h e  error p o i n t  of t h i s  loop 
a n d  u s e d  t o  c o n s t r u c t  t h e  s u b - b i t  s y n c  a n d  da ta  o u t p u t s .  , .  , 
The RZ s i g n a l  is f i l t e r ed  i n  a simple R-C low p a s s  f i l t e r ,  
w h i c h  is i n c l u d e d  i n  t h e  $2 rect i f ier ,  t o  remove t h e  18.75 kEz 
s w i t c h i n g  t r a n s i e n t s .  The  f i l t e r  has  a c u t o f f  f , requency  of 6.5 
,kHz and d e l a y s  t h e  s i g n a , l  by a p p r o x i m a t e l y  100 m, i c roseconds .  
T h i s  d e l a y  is less c r i t i c a l  t o  t h e  s u b - b i t  t i m i q g  b e c a u s e  t h e  
d e l a y  r emova l  c a p a c i t a n c e  c a n  be made t o  a c c u r a t : e l y  t rack  t h e  
v a r i a t i o n s  i n  t h e  f i l t e r  c a p a c i t a n c e ,  t h e  d o m i n a t i n g  f a c t o r  i n  
d e l a y  v a r i a t i o n s .  
I 
/i 
The f i l t e r ed  s i g n a l  i s  t h e n  rec t i f ied  i n  order t o  r e c o v e r  t h e  
s u b - b i t  i n f o r m a t i o n .  
' t h e  v e h i c l e  s u b - b i t  s y n c  s i g n a l  a s  d e l a y e d  by t h e  VHF t r a n s m i s -  
s i o n  p a t h  and  s i g n a l  p r o c e s s i n g ,  T h i s  s i g n a l  becomes t h e  i n p u t  
t o  I t h e  Sub-Bit  Phase Locked Loop,  The Sub-Bit  Loop i n c o r p o r a t e s  
a VCO t h a t  o p e r a t e s  a t  F L / ~  Hz. 
i n  a log ic  scheme t h a t  p r o d u c e s  F ~ / 1 6 ,  t h e  o u t p q t  s u b - b i t  s y n c  
* s i g n a l ,  a n d  t h e  s i g n a l s i t h a t  a r e  u s e d  t o  g e n e r a t e  t h e  l o o p  ref- 
e r e n c e  s i g n a l  and  t h e  d a t a  d e t e c t i o n  c o n t r o l  s i g n a l .  The  l o o p  
h a s  a b u i l t  i n  t i m i n g  o f f s e t  t h a t  is  u s e d  t o  c a n c e l  t h e  VHF l i n k  
d e l a y s  i n  t h e  r e c o n s t r u c t i o n  of  t h e  s u b - b i t  s y n c  t i m i n g .  
The r e s u l t a n t  s i g n a l  (RZ d2)  is e s s e n t i a l l y  
I )  
The VCO o u t p u t  is d i v i d e d  by f o u r  
The Sub-Bit  Loop i n c o r p o r a t e s  a kO.S$ VCO a n d  a low o f f s e t  
phase detector t o  l i m i t  t h e  f r e q u e n c y  o f f se t  and  a l low f o r  r a p i d  
a c q u i s i t i o n .  The loop d e s i g n  p a r a m e t e r s  are: 
1. 2BL = 35 +5 HZ 
2 .  5 = 0 . 7  k 0 . 1  a t  t h r e s h o l d  







The r e s u l t i n g  p e r f o r m a n c e  parameters are: 
1. Lock t i m e ,  tL = 0.055 s e c o n d s  
2 .  P u l l - i n  r a n g e  = +20 H e  I 
hs i n  t h e  s u b c a r r i e r  l o o p ,  t h e  goal  was a c q u i s i t i o n  speed, w i t h  
minimum p o s s i b l e  p h a s e  j i t t e r  and  c i r c u i t  c o m p l e x i t y .  
A lock i n d i c a t i o n  s i g n a l  is  p r o v i d e d  t h a t  is u s e d  i n  t h e  Sta- 
t i o n  C o n t r o l  L o g i c  t o  v e r i f y  t h e  d a t a  q u a l i t y .  The  r e c t i f i e d  
s i g n a l ,  RZ X2, is a l s o  u s e d  a s  t h e  i n p u t  t o  a CqD c i r c u i t ,  w i t h  
I 
b e i n g  t h e  r e f e r e n c k  , s i g n a l .  When a c q u i s i t i o n  o c c u r s ,  a DC 
i 
o u t p u t  o c c u r s  t h a t  is  a m p l i f i e d  and  b u f f e r e d  by l o g i c  c i r c u i t s  t o  
f o r m  t h e  l o g i c  "one" lock i n d i c a t i o n  s i g n a l .  
I 
I n  a d d i t i o n  t o  b e i n g  u s e d  t o  g e n e r a t e  t h e  s u b - b i t  s y n c  s i g n a l ,  
t h e  s u b c a r r i e r  l o o p  error p o i n t  s i g n a l ,  RZ,  c o n t a i n s  t h e  VHF' con- 
t r o l  d a t a  i n f o r m a t i o n .  An i n t e g r a t e  a n d  dump match f i l t e r  tech-  
n i q u e  is  u s e d  t o  e x t r a c t  t h e  d a t a .  F i g u r e  6-16 s h o w s  t h e  t i m i n g  
of t h e  i n t ' e g r a t e  and  dump p r o c e s s .  T h e  e f f e c t i v e  bandwid th  of t h e  
1 
t 
d e c i s i o n  c i r c u i t r y  is  a p p r o x i m a t e l y  1600 H z  a n d  t h e  t h r e s h o l d  SNR . I  
error r a t e  a t  these c o n d i t i o n s  is o n e  error p e r  I O 5  b i t s .  The  
" !  
a t  t h e  p o i n t  of d e c i s i o n  i s  a p p r o x i m a t e l y  +10 db .  The t h e o r e t i c a l  
_. .1 
c o n t r o l  d a t a  is p r e s e n t e d  i n  complementary  fo rm t o  t h e  S t a t i o n  
C o n t r o l  L o g i c .  
* F i g u r e  6-17 is a schematic d i a g r a m  of t h e  T r a n s p o n d e r  S t a t i o n  
C o n t r o l  Da ta  Demodu la to r .  The  l og ic  e l e m e n t s  shown a r e  RTL c i r -  
c u i t s  f rom t h e  P h i l c o  M W 3  l og ic  f a m i l y .  T h i s  s e c t i o n  p r e s e n t s  
b r i e f  c i r c u i t  d e s c r i p t i o n s  and  some of  ' the  d e s i g n  c o n s i d e r a t i o n s  * j  
j 
f o r  these c i r c u i t s .  
6 .3 .1  P r e d e t e c t i o n  I n p u t  F i l t e r  
The p r e d e t e c t i o n  f i l t e r  is  a t h r e e - p o l e  b a n d p a s s  f i l t e r .  The 
c e n t e r  f r e q u e n c y  is 18.76 kHz and  t h e  bandwid th  is 15 kHz. The  
n o i s e  bandwid th  is a maximum of  16 kHz. T h e  nomina l  time d e l a y  
of t h e  f i l t e r  is t o  be 35 +12 m i c r o s e c o n d s  w i t h  v a r i a t i o n s  d u e  t o  3 
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Figure 6-16. T i m i n g  D i a g r a m  of the  Integrate 
and Dump Process. 
1 
I 6-31 
i n p u t  s i g n a l  l e v e l  is n o m i n a l l y  1 v o l t  r m s .  
f i l t e r  i s  a t t e n u a t e d  t o  0.6 v o l t s  rms i n  o r d e r  t o  l i m i t  t h e  t o t a l  
dynamic r a n g e  r e q u i r e d  i n  t h e  phase d e t e c t o r ,  
The: o u t i u t  of t h e  
6 . 3 . 2  P h a s e  Detector C i r c u i t  
The p h a s e  d e t e c t o r  c i r c u i t  is  u s e d  i n  b o t h  p h a s e  l o c k e d  l o o p s  
a n d  a s  t h e  CAD i n  t h e  l o c k  i n d i c a t o r  c i r c u i t r y .  I t  is b a s i c a l l y  
a p u l s e  r e f e r e n c e d ,  chopped p h a s e  d e t e c t o r .  The r e f e r e n c e  p u l s e  
a c t i v a t e s  chopper t r a n s i s t o r s  t h a t  a l t e r n a t e l y  s w i t c h  t h e  p h a s e  
of  t h e  c e n t e r  t a p p e d  t r a n s f o r m e r  o u t p u t .  The  c ’ i r c u i t  p r e s e n t s  a 
2000 ohm impedance t o  t h e ’ i n p u t  s i g n a l  a n d  a n  a p p r o p r i a t e  imped- 
a n c e  t o  t h e  r e f e r e n c e  s o u r c e .  The o u t p u t  is t a k e n  f r o m  t h e  sec- 
o n d a r y  c e n t e r  t a p  o f  t h e  t r a n s f o r m e r  and  r e p r e s e n t s  a 5 . 6  k i lohm 
s o u r c e  impedance .  The  g a i n  of  t h e  p h a s e  d e t e c t o r  i s  a f u n c t i o n  of 
i n p u t  l e v e l  and  w i l l  be f u r t h e r  d i s c u s s e d  i n  t h e  f o l l o w i n g  
p a r a g r a p h s .  
The maximum i n p u t  s i g n a l  of t h e  p h a s e  d e t e c t o r  is k 3 . 0  v o l t s  
on  t h e  i n p u t  t e r m i n a l s  of t h e  p r i m a r y  w i n d i n g  of t h e  t r a n s f o r m e r .  
F o r  s i g n a l  l e v e l s  a b o v e  t h i s  l e v e l  b o t h  p o s i t i v e  a n d  n e g a t i v e  
c l i p p i n g  w i l l  o c c u r .  T h i s  i s  l a r g e l y  n e g l i g i b l e ,  however ,  f o r  
t w o  r e a s o n s .  F i r s t ,  t h e  i n p u t  s i g n a l  w i l l  have  o n l y  a sma l l  
p e r c e n t a g e  o f  n o i s e  p e a k s  t h a t  w i l l  e x c e e d  t h e  dynamic r a n g e ,  
w h i c h  means t h a t  t h e  c l i p p i n g  e f fec t  w i l l  b e  s m a l l .  I n  a d d i t i o n ,  
t h e  p o s i t i v e  and  n e g a t i v e  c l i p p i n g  i s  e s s e n t i a l l y  b a l a n c e d ,  
w h i c h  f u r t h e r  r e d u c e s  t h e  o f f s e t  v o l t a g e  due  t o  t h e  dynamic l i m i -  
t a t i o n s  of  t h e  c i r c u i t .  
6.3.3 VCO C i r c u i t  
An i d e n t i c a l  VCO c o n f i g u r a t i o n  is u s e d  i n  b o t h  t h e  s u b c a r r i e r  
a n d  s u b - b i t  p h a s e  l o c k e d  loops, Only f r e q u e n c y  a n d  g a i n  determi- 
n i n g ,  component  v a l u e s  d i f f e r  be tween  t h e  two VCO c i r c u i t s .  The 
component r e f e r e n c e  d e s i g n a t  i o n s  t h a t  a r e  used  i n  t h e  f o l l o w i n g  
d i s c u s s i o n  a r e  t h o s e  of t h e  18.75 kHz VCO i n  t h e  s u b c a r r i e r  l o o p .  
The VCO is a v o l t a g e  c o n t r o l l e d  a s t a b l e  m u l t i v i b r a t o r .  The  













s t a b l e  DC a m p l i f i e r  and  u s e d  to  v a r y  t h e  r e t u r n  voltage for t h e  
b a s e  t i m i n g  resistors (R29 and B O )  i n  t h e  a s t a b l e  m u l t i v i b r a t o r .  
The i n p u t  s t a g e  of t h e  DC a m p l i f i e r  is a d i f f e r e n t i a l  a m p l i f i e r  
t h a t  i n c o r p o r a t e s  f i e l d  effect  t r a n s i s t o r s  (FETS) for h i g h  i n p u t  
impedance.  A matched p a i r  of FETS (Q5) is  u s e d  for better tem- 
p e r a t u r e  s t a b i l i t y .  The d o u b l e  ended  o u t p u t  of t h e  f i r s t  s t a t e  
d r i v e s  a PNP d i f f e r e n t i a l  a m p l i f i e r  s e c o n d  s t a g e  (Q9 and  Q10). 
The feedback c o m b i n a t i o n  'of R19 and  R20 p r o v i d e s  DC s t a b i l i t y  and 
g a i n  c o n t r o l  i n  t h e  a m p l i f i e r .  R22 R23, and Q8 a r e  b i a s i n g  I com- 
p ,onents  fo r  t h e  o u t p u t  s tage.  C R 1 ,  CR2, and  C R 3 ' a r e  t e m p e r a t u r e  
compensat. ion d i o d e s .  The  C50, R124 c o m b i n a t i o n  i s  a ro l lof f  n e t -  
work t h a t  is  u s e d  t o  p r e v e n t  h i g h  f r e q u e n c y  o s c i l l a t i o n  i n  t h e  
a m p l i f i e r .  Q7 is used  to  p r e v e n t  t h e  a m p l i f i e r  f,rom o p e r a t i n g  
u n t i l  b o t h  power s u p p l i e s  a r e  t u r n e d  on .  T h i s  is t o  a v o i d  l a r g e  
i n i t i a l  f r e q u e n c y  o f fse t s  a t  t u r n - o n ,  w h i c h  would otherwise o c c u r  
i f  e i t he r  power s u p p l y  came on f i r s t .  O t h e r  components  a r e  u s e d  
f o r  b i a s  c o n t r o l  and c u r r e n t  l i m i t i n g ,  The o u t p u t  c o n t r o l  v o l t a g e  
is t a k e n  from t h e  col lector  of Q l O  and used  t o  c o n t r o l  t h e  r e t u r n  
v o l t a g e  of t h e  t i m i n g  resistors i n  t h e  m u l t i v i b r a p t o r .  
The a s t a b l e  m u l t i v i b r a t o r  is formed by Q11, Q12 and t h e  v a r i o u s  
b i a s  resistors.  The t imkng  f u n c t i o n  is c o n t r o l l e ' d  by C9, C10, 
R29, R30, R24 and R25. The v a l u e s  of C9 and C10 a r e  selected for 
t h e  b a s i c  f r e q u e n c y  of t h e  VCO. G l a s s  c a p a c i t o r s  a r e  u s e d  f o r  
good t e m p e r a t u r e  s t a b i l i t y .  R29 and R30 a r e  33 k i l o h m  m e t a l  f i l m  
resistors, c h o s e n  fo r  t h e i r  t e m p e r a t u r e  s t a b i l i t y .  R24 and  R25 
a r e  selected components  t h a t  a r e  used  t o  set  t h e  VCO f r e q u e n c y  
i n i t i a l l y  by a d j u s t i n g  t h e  v o l t a g e  t h a t  is s u p p l i e d  t o  R29 and 
R30 t o  t h e  a p p r o p r i a t e  l e v e l .  Q13, Q14 and Q15 are  u s e d  a s  a n  
i s o l a t i o n  o u t p u t  a m p l i f i e r ,  w h i c h  p r o v i d e s  t h e  r e q u i r e d  o u t p u t  
d r i v e  c a p a b i l i t i e s .  
The VCO u s e d  d3.2 vdc  and -8.3 vdc  power s o u r c e s .  The  s u p p l y  
v o l t a g e s  a r e  z e n e r e d  t o  S6.2 v d e ,  u s i n g  50 ppm t e m p e r a t u r e  compen- 
s a t e d  z e n e r  d i o d e s  f o r  t h e r m a l  s t a b i l i t y  of  t h e  s u p p l y  v o l t a g e s .  
E a c h  VCO r e q u i r e s  10 ma from e a c h  of  t h e  t w o  power s o u r c e s  for  a 
t o t a l  power consumpt ion  o f  160 mw i n  t h e  VCO u n i t .  
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! The VCO d e s i g n  is  v e r y  s t a b l e .  A f r e q u e n c y  d r i f t  of o n l y  *0.3% 
was measured  o v e r  t h e  t e m p e r a t u r e  r a n g e  from -25OC t o  +85OC. The 
VCO g a i n  i n  H z / v o l t  may b e  v a r i e d  o v e r  a r a n g e  f rom 0.2 t o  1.0 
times t h e  c e n t e r  f r e q u e n c y  w i t h  no  c h a n g e  i n  t h e  p e r f o r m a n c e .  The  
g a i n  is s t a b l e  t o  w i t h i n  +!5% o v e r  t h e  e n t i r e  t e m p e r a t u r e  r a n g e .  
T h e  c i r c u i t  is v e r s a t i l e  a n d  c a n  be u s e d  o v e r  a wide  f r e q u e n c y  
r a n g e  w i t h  minor  c h a n g e s  i n  t h e  c i r c u i t r y .  
6 . 3 . 4  The S u b c a r r i e r  R e f e r e n c e  Loop D e s i g n  
T h i s  s e c t i o n  is i n c l u d e d  a s  a summary of t h e  d e s i g n  p a r a m e t e r s  
I 
fo r  t h e  s u b c a r r i e r  p h a s e  l o c k e d  l o o p .  T h i s  r e p r e s e n t s  t h e  f i n a l  
i m p l e m e n t a t i o n  o f  t h e  l o o p  a n d  t h e  f i n a l  c i r c u i t  d e s i g n  g o a l s .  
Loop G a i n  
The o v e r a l l  loop g a i n ,  Kv, is a c o m p o s i t e  of t h e  p h a s e  d e t e c -  
t o r  g a i n ,  Kq, and t h e  
l o o p  f i l t e r ,  w h i c h  is 
VCO, t h e  l o o p  g a i n  is: 
Kv = Kq Icvco 
The g a i n  o f  t h e  p h a s e  
VCO' g a i n ,  KVCO. N e g l e c t i n g  t h e  loss i n  t h e  
less t h a n  10% w i t h  t h e  h i g h ' i n p u ' t  impedance  
d e t e c t o r  is e x p r e s s e d  as:  . 
EP ( i n p u t )  Kq = 
goo 
For a n  i n p u t  v o l t a g e  o f  0.6 v o l t s  rms, t h e  v a l u e  of K$ for  t h e  
s u b c a r r i e r  l o o p  is  10 mv per d e g r e e .  
T h e  v a l u e  o f  KVco was set a t  4000 H z / v o l t s ,  r e s u l t i n g  i n  a 
loop g a i n ,  Kv,  o f  14,400 sec-l. 
Loop F i l t e r  D e s i g n  
W i t h  t h e  l o o p  g a i n  known, t h e  v a l u e s  of 71 a n d  72 f o r  t h e  loop 
f i l t e r  may b e  c a l c u l a t e d  f o r  a g i v e n  loop r e s o n a n t  f r e q u e n c y ,  Wn. 
The  s u b c a r r i e r  l o o p  b a n d w i d t h ,  @L, was set a t  50 Hz. Wn is t h e n  
8 @ ~ , / 3 n  or 96 r a d i a n s  per' s e c o n d  f o r  a damping  f a c t o r  o f  0.7.  
I 
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An a d i t  
I 
- -=  0.0147 s e c o n d s  
"'n 
o n a l  pole is i n s e r t e d  ,n t h e  loop a t  650 Hz f o r  t h e  p u r -  
p o s e  of r emov ing  t h e  p h a s e  detector s w i t c h i n g  t r a n s i e n t s .  
Loop P e r f o r m a n c e  
I 
The  l o o p  a c q u i s i t i o n  t i m e  i s  e x p r e s s e d  as: 
(&I2 (4) 
L3 
I tL = 
1 1 
The t o t a l  f r e q u e n c y  d e v i a t i o n ,  &E', is  130 Hz. 
hum p h a s e  detector offse! and  90 H z  due  t o  maximvm f r e q u e n c y  
d r i f t s  i n  t h e  VCO.) 
0.7 s e c o n d s .  
(40 H z  due  t o  maxi- 
The r e s u l t a n t  lock time for  BL = 50 Hz is 
! 
The p u l l - i n  r a n g e  of t h e  loop is d e f i n e d  as:  I 
T h e  p u l l - i n  r a n g e  of t h e  s u b c a r r i e r  is i n  e x c e s s  of 300 Hz. The  
l i m i t i n g  c o n s t r a i n t  upon t h e  l o o p  is imposed by t h e  i n p u t  s i g n a l ,  
however .  The  m o d u l a t i o n  t e c h n i q u e  g e n e r a t e s  400 H z  s i d e b a n d s  of 
t h e  18.75 kHz s u b c a r r i e r ,  t h e  f i r s t  of w h i c h  is  o n l y  1 . 2  d b  lower 
t h a n  t h e  s u b c a r r i e r .  ' The f r e q u e n c y  d r i f t s  must n o t  e x c e e d  200 Hz 
from t h e  c e n t e r  f r e q u e n c y  of 18.75 kHz or t h e  l o o p  w i l l  a c q u i r e  
t h e  s i d e b a n d .  T h i s  w i l l  be no  p r o b l e m ,  however ,  s i n c e  t h e  maxi- 
mum d r i f t  of t h e  VCO is l i m i t e d  t o  130 H z ,  
6.3.5 (X2) Rectifier C i r c u i t  
The X2 r e c t i f i e r  is a n  AC c o u p l e d  d i f f e r e n t i a l  amplif ier  s t a g e .  
T h e  complementary  o u t p u t s  of the  a m p l i f i e r  t r a n s i s t o r s  a r e  summed 




a l lows  a n  e f f e c t i v e  AC source impedance  of a s  l o w  a s  20 ohms, 
w h i l e  m a i n t a i n i n g  a h i g h  l o a d  impedance  o n  t h e  d i f f e r e n t i a l  
a m p l i f i e r  t r a n s i s t o r s ,  Q16 and  Q17. A v o l t a g e  g a i n  of  40 is 
i n h e r e n t  i n  t h e  d e v i c e .  The s u b c a r r i e r  l o o p  o u t p u t  is  0.5 v o l t s  
peak- to-peak ,  t h e  a t t e n u a t i o n  o f  t h e  low pass  f i l t e r  o n  t h e  i n -  
+@ 
p u t  is a p p r o x i m a t e l y  16 t o  1. The  r e s u l t a n t  o u t p u t  from t h e  
r e c t i f i e r  is a 1 .2  v o l t  peak- to-peak  p u l s e  wavefqrm. 
/ 
6.3.6 The Sub-Bit  Loop D e s i g n  4 
' T h i s  s e c t i o n  i s  i n c l u d e d  a s  a summary o f  t h e  h e s i g n  parameters'  
and  s p e c i a l  c o n s i d e r a t i o n s  f o r  t h e  s u b - b i t  p h a s e  l o c k e d  loop. 
T h i s  r e p r e s e n t s  t h e  f i n a l  i m p l e m e n t a t i o n  of t h e  loop and  t h e  f i n a l  
c i r c u i t  d e s i g n  goa ls .  
D i v i d e  by 4 a n d  Phase S h i f t e r  
1 
The VCO is  o p e r a t e d  a t  f o u r  times t h e  i n p u t  f r e q u e n c y  t o  t h e  
loop .  T h i s  is d o n e  p r i m a r i l y  t o  s i m p l i f y  t h e  l o o p .  The  VCO o u t -  
p u t ,  F L / ~ ,  is d i v i d e d  by f o u r  t o  f u r n i s h  t h e  s u b - b i t  s y n c ,  F ~ / 1 6 ,  
t h e  d a t a  d'ump s i g n a l ,  F ~ l l 6 ,  and  t h e  s u b - b i t  loo$ r e f e r e n c e  s ig-  
h a 1  a s  d i s c u s s e d  be low.  ; T h e  d i v i d e  by f o u r  u n i t  ! i s  a two-stage 
Gray Code c o u n t e r .  
complement a n d  t h e  k900 p h a s e s  Of t h e  F ~ / l 6  s i g n a l  may be o b t a i n e d .  
I 
From s u c h  a c o u n t e r ,  t h e  F ~ / l 6  s i g n a l ,  i ts 
D e l a y  Removal U n i t  
The f u n c t i o n  of t h i s  log ic  e l e m e n t  is t o  p r o d u c e  t h e  r e q u i r e d  
r e f e r e n c e  s i g n a l  f o r  t h e  s u b - b i t  loop,  T h e  s i g n a l ,  ( F ~ / 1 6 )  
( F ~ / 1 6  /+90°) + (FL116) ( F ~ / 1 6  /+god), is formed i n  logic g a t i n g .  
T h i s  s i g n a l  is i n v e r t e d  a n d  d r i v e s  a m o n o s t a b l e  m u l t i v i b r a t o r  
w i t h  a n  o u t p u t  p u l s e  w i d t h  e q u a l  t o  t h e  t o t a l  d e l a y ,  A ,  t h a t  
m u s t  be  removed.  T h i s  m o n o s t a b l e  o u t p u t  is  u s e d  a s  t h e  t r igger  
p u l s e  t o  s h i f t  t h e  F ~ / 1 6  s i g n a l  i n t o  a f l i p - f l o p .  The  o u t p u t  o f  
t h i s  f l i p - f l o p  is t h e  r e f e r e n c e  s i g n a l  F~,/16 d e l a y e d  by 900 p l u s  
A ,  t h e  r e q u i r e d  d e l a y .  The t i m i n g  d i a g r a m  of Figure 6-18 shows 





DELAYED RZ MODULATION 
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DELAYED RZ ( X 2 )  
TO SUB-BIT LOOP 
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PHASE (FL/16) 
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NOTE THAT A +90° PHASE RELATIONSHIP, 
EXISTS, BETWEEN THE LOOP INPUT SIGNAL 
AND THE REFERENCE SIGNAL, THE LOCK 
MODE CONDITION IS THEREBY SATISFIED, 
Figure 6n18, Timing Diagram of the Sub-bit 
Thing Reconstruction Method I' 
! 
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Loop D e s i g n  Parameters a n d  P e r f o r m a n c e  
c 1 
Based  upon t h e  e q u a t i o n s  p r e s e n t e d  a b o v e ,  a summary of t h e  
I 
! 
s u b - b i t  loop is a s  f o l l o w s :  
1. 
2. The VCO g a i n ,  KVco, is 1700/4 H z  per v o l t  
The p h a s e  detector g a i n ,  K\b, is 6.8 mv per degree 
' 3. The  loop g a i n ,  Kv, is 1100 sec'l 
4.  For &, e q u a l  t o  18, Wn i s  31.4 r a d i a n s  per s e c o n d ,  71 is * 
1 
L ! 
5. The r e s u l t a n t  lock t i m e ,  t L ,  i s  0.055 s e c o n d s  
.1.05 s e c o n d s  a n d  72 is  0.037 s e c o n d s  
, 
6. The  r e s u l t a n t  p u l l - i n  r a n g e ,  R ,  is k20 Hz 
. 7. The maximum f r e q u e n c y  d e v i a t i o n ,  AF, is  +8 Hz. 
6.3.7 Lock D e t e c t i o n  I n d i c a t o r  
I 
The  lock d e t e c t i o n  c i r c u i t  i n c o r p o r a t e s  a CAD, w h i c h  is t h e  
phase detector c i r c u i t  o p e r a t e d  w i t h  a q u a d r a t u r e  r e f e r e n c e  s ig-  
n a l .  The i n p u t  t o  t h e  l o o p  is t h e  RZ X2 s i g n a l  o u t p u t  from t h e  
2 e c t i f i e r .  The o u t p u t  of t h e  CAD is h e a v i l y  f i l t e r e d  t o  e x t r a c t  
t h e  DC component  of t h e  d i g n a l ,  w h i c h  d r i v e s  a n  i n v e r t i n g  DC 
a m p l i f i e r  w i t h  a g a i n  of '20. The o u t p u t  of t h e  a m p l i f i e r  d r i v e s  
a l o g i c  gate t h a t  p r o v i d e s  t h e  l o c k  i n d i c a t o r  s i g n a l .  The  DC 
a m p l i f i e r  h a s  a n  o f f se t  a d j u s t m e n t  f o r  a d j u s t i n g  t h e  lock i n d i -  
c a t i o n  t h r e s h o l d .  The o u t p u t  s i g n a l  is a log ic  "one" when f u l l  
lock is a c c o m p l i s h e d  i n  t h e  d e m o d u l a t o r ,  
6.3.8 I n t e g r a t e  and  Dump C i r c u i t  
T h e  t i m i n g  diagram of t h e  d a t a  d e t e c t i o n  scheme was shown i n  
F i g u r e  6-16. The RZ s i g n a l ,  w h i c h  c o r l t a i n s  encoded  complementary  
d a t a ,  is i n t e g r a t e d  i n  a l o n g  time c o n s t a n t  i n t e g r a t o r  ( T  = 3.2 
m s ) .  The i n t e g r a t i o n  t i m e  is one -ha l f  t h e  s u b - b i t  per iod less 
t h e  VHF l i n k  d e l a y ,  a p p r o x i m a t e l y  600 m i c r o s e c o n d s .  The s i g n a l  
is  u s e d  t o  d r i v e  a n  i n v e r t i n g  b u f f e r  t h a t  i n  t u r n  d r i v e s  
t 'he  dumping t r a n s i s t o r  Q39, w h i c h  e s s e n t i a l l y  s h o r t s  t h e  accumu-. 
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I 
v o l t a g e  t r a n s i t i o n  t h a t  o c c u r s  o n  C 2 9  is c o u p l e d i i n t o  a h i g h  g a i n  
ampl i f ie r  (Av = 250). TGe a m p l i f i e r  o u t p u t  is c o u p l e d  i n t o  a *- 
t h r e s h o l d  c i r c u i t  ( R l l 0 , ' G l O  and  CR13) w h e r e  a logic  "one" is 
g e n e r a t e d  from G10 i f  a d a t a  logic  "one" was dumped. An i n v e r t e d  
s t r o b e  pu l se  t h a t  was i n i t i a t e d  by F ~ / 1 6  e n a b l e s  t h e  d a t a  t o  be 
c o u p l e d  t o  t h e  s t e e r i n g  i n p u t  of  a f l i p - f l o p ,  i n c o r p o r a t i n g  a 
h o n o s t a b l e  m u l t i v i b r a t o r  t o  m a i n t a i n  t h e  d a t a  i n f o r m a t i o n  u n t i l  
t h e  s t robe p u l s e  clocks f t  i n t o  t h e  f l i p - f l o p .  
the d a t a  is p r e s e n t e d  t o  t h e  S t a t i o n  C o n t r o l  L o g i c  for  u s e  i n  
s y s t e m  a c q u i s i t i o n  and  c o n t r o l .  
6.3.9 Power Supply  D e c o u p l i n g  
8 
The complement of 
9 
A l l  power l i n e s  a r e  f i l t e r e d  w i t h  t h e  s t a n d a r d  AROD f i l t e r  
modules .  I n  a d d i t i o n ,  z g n e r  r e g u l a t i o n  is u s e d  on b o t h  the 59 
vdc  power s u p p l i e s  w h e r e b e r  t h e y  a r e  u s e d  i n  t h e , d e m o d u l a t o r .  
The heavy d e c o u p l i n g  is used  t o  r e d u c e  t h e  s p u r i o u s  s j g n a l s  on 
t h e  power l i n e s  t o  t h e  lowest p o s s i b l e  v a l u e ,  and  t o  l e s s e n  t h e  
s u s c e p t i b i l i t y  of t h e  d e m o d u l a t o r  t o  n o i s e  i n p u t s .  
6.3.10 T e s t  R e s u l t s  
k 
per fo rmed  upon t h e  S t a t i o n  C o n t r o l  Data Demodula tor  and t o  e v a l u -  
T h i s  s e c t i o n  is i n t e n d e d  t o  summarize t h e  t e s t i n g  t h a t  was 
a t e  its p e r f o r m a n c e  w i t h  respect t o  t h e  s y s t e m  r e q u i r e m e n t s ,  
T h r e e  s u c h  d e m o d u l a t o r s  were b u i l t  a n d  tes ted f o r  u s e  i n  t h e  AROD 
'system. I 
I n  each u n i t ,  t h e  VCO's ,  t h e  p h a s e  detectors a n d  t h e  p r e -  
d e t e c t i o n  f i l t e r  were s e p a r a t e l y  t e s t e d  t o  d e t e r m i n e  t h e i r  
cha rac t e r i s t i c s  b e f o r e  t h e y  were combined i n t o  t h e  s u b s y s t e m ,  
The VCO's of S/N 1 and S/N 2 showed  a maximum f r e q u e n c y  d e v i a t i o n  
of +0.3% from t h e  c e n t e r  f r e q u e n c y .  Those  of S/N 3 showed a 
maximum of 50.4% d e v i a t i o n  a t  t h e  h i g h  t e m p e r a t u r e  extreme. The  
VCO g a i n  was g e n e r a l l y  s t a b l e  f rom u n i t  t o  u n i t .  W i t h  o n l y  one  
e x c e p t i o n ,  t h e  maximum o f f s e t  i n  any  phase d e t e c t o r  was 2 m i l l i -  
v o l t s .  The  e x c e p t i o n  t o  t h i s  was t h e  S/N 3 CAD, w h i c h  measured 







f i l t e r  cha rac t e r i s t i c s  were a s  p red ic t ed  except f o r  t h e  d e l a y ,  
s l i g h t l y  more na r row i n  b a n d w i d t h ,  b u t  t h i s  i s  n o t  a firoblem. 
A l l  measu remen t s  a r e  w i t h i n  s p e c i f  l e d  l i m i t s  a n d  t h e  d i s c r e p a n c y  
i tself  may be t r aced  t o  component t o l e r a n c e s  a n d  measurement  
error .  
w h i c h  was smal le r  t h a n  a n t i c i p a t e d .  The SN 3 f i l t e r  was % 
, 
The p h a s e  locked loops were t h e n  t e s t ed ,  a c c o r d i n g  t o  t h e  tes t  
p r o c e d u r e .  The  p h a s e  r e S p o n s e  of each loop was measu red .  The 
f i r s t  t w o  u n i t s  matched t he theore t i ca l  r e s p o n s e .  The  t h i r d  s u b -  
Sys tem l o o p  r e s p o n s e s  i n d i c a t e d  more n a r r o w  bandvl id ths  t h a n  theo- 
r e t i c a l l y  p red ic t ed  by l O - l E % .  T h i s  error is not. s i g n i f i c a n t  a n d  
w i l l  n o t  a p p r e c i a b l y  a f f e c t  t h e  p e r f o r m a n c e  of t h e  d e m o d u l a t o r .  
a The  t h i r d  phase of t e s t i n g  c o n s i s t e d  of a c q u i s i t i o n  and  d a t a  
error measurement  tests o n  t h e  d e m o d u l a t o r .  If f r e q u e n c y  d e v i a -  
t i o n s  are  s m a l l ,  t h e  u n i t  w i l l  a c q u i r e  a t  5 db below t h e  i n t e n d e d  
t h r e s h o l d .  The  lock  i n d i c a t i o n  when t h e  u n i t  h a s  a c q u i r e d  is 
r e l i a b l e  t o  4 db  below t h e  i n t e n d e d  t h r e s h o l d  a n d  n o  f a l s e  "locked" 
i n d i c a t i o n  is g e n e r a t e d  e v e n  w i t h  l a r g e  n o i s e  l e v e l s  imposed upon 
t h e  d e m o d u l a t i o n  i n p u t .  
s u b c a r r i e r  was forced t o  ; a c q u i r e  w i t h  s i g n a l  f r e q u e n c y  d e v i a t i o n s  
of &lo0  H z  i n  t h e  18.75 kHz s u b c a r r i e r  o v e r  a l l  e n v i r o n m e n t a l  
c o n d i t i o n s .  The  l o w  t o l e r a n c e  i s  l e s s e n e d  by 50 Hz a t  -250C 
b e c a u s e  of t h e  effect  of i n c r e a s e d  o f f s e t s  i n  t h e  p h a s e  detector 
d u e  t o  c l i p p i n g  of n o i s e  p e a k s ,  Such o f f s e t s  d r i v e  t h e  VCO 
h i g h e r  i n  f r e q u e n c y  and  force t h e  u n i t  t o  a c q u i r e  w i t h  a l a r g e  
f r e q u e n c y  o f f s e t .  I n  e v e r y  i n s t a n c e ,  however ,  18.75 kHz was 
a c q u i r e d ,  S i m i l a r l y ,  t h e  s u b - b i t  l o o p  a c q u i r e d  w i t h  o f f s e t s  of 
+15 H z .  I n  each case,  a c q u i s i t i o n  was n o t  "worst case". The  
numbers  g i v e n  r e p r e s e n t  " q u i c k - a c q u i s i t i o n "  l i m i t s ,  n o t  extremes 
or a b s o l u t e  l i m i t s  i n  r a n g e .  
' The error r a t e  was i n  l i n e  w i t h  p red ic ted  l e v e l s .  A t  +25OC, 
t h e  p r o b a b i l i t y  of b i t  error was 1.5 t o  2 .5  x 10-5 a t  
$ h r e s h o l d .  T h i s  is a p p r o x i m a t e l y  0.5 t o  1 .0  d b  below t h e o r e t i c a l  
i n  a c t u a l  t h r e s h o l d  l e v e l .  The error is a t e r i b u t e d  t o  p h a s e  
, A t  t h e  s p e c i f i e d  t h r e s h o l d  l e v e l ,  t h e  
! 






o f f s e t  i n  t h e  matched f i l t e r ,  phase j i t t e r  i n  t h e  s u b - b i t  s y n c  
s i g n a l  a n d  test equ ipmen t  a c c u r a c y  l i m i t a t i o n s .  
The  s u b - b i t  s y n c  t i m i n g  is  r e c o n s t r u c t e d  t o  w i t h i n  20 micro- 
s e c o n d s  w i t h  a maximum peak  j i t t e r  of 80 m i c r o s e c o n d s  a t  thres-  
h o l d .  T h i s  r e p r e s e n t s  t h e  p e r f o r m a n c e  o v e r  t h e  e n t i r e  t he rma l  
e n v i r o n m e n t a l  r a n g e .  The  errors a r e  la rger  than1 t h e  d e s i g n  goal ,  
b u t  t h e  s y s t e m  a n a l y s t  h a s  v e r i f i e d  t h a t  t h e  d e m o d u l a t o r  s h o u l d  
s t i l l  perform a d e q u a t e l y  i n  t h e  p r e s e t t i n g  of t h e  t r a n s p o n d e r  . 
L-code. 
! 
The d e m o d u l a t o r  r e q u i r e d  1 . 1 2  wa t t s  of power. T h i s  is sup-  
p l i e d  a s  follows: I 
+9.0 v d c  a t  52 ma 
+3.5 v d c  a t  42 ma i 
-9.0 v d c  a t  56 ma 
I 
T h i s  is  w i t h i n  t h e  c o n s t r a i n t s  of t h e  s p e c i f i e d  koalsl. 
The  C o n t r o l  Data Demodula tor  is t e c h n i c a l l y  s o u n d .  T h e  demod- 
u l a t o r  p e r f o r m s  a l l  of t h e  r e q u i r e d  f u n c t i o n s  a n d  w i l l  a c q u i r e  i n  
a min ima l  time. I t  is real ized t h a t  a large c i r k u i t r y  r e q u i r e -  
ment e x i s t s .  T h i s  is a d i rec t  r e s u l t  of t h e  c o m p l e x i t y  of d e r i v -  
i n g  t h e  d a t a  a n d  s u p p l y i n g  t h e  a s soc ia t ed  s i g n a l s  w i t h  t h e  r e q u i r e d  
p r e c i s i o n  i n  t i m i n g  t h a t  is r e q u i r e d  i n  p r e s e t t i n g  t h e  code, 
! 
The  p h a s e  detector h a s  a l i m i t e d  dynamic r a n g e .  T h i s  r e s u l t s  
i n  n o i s e  peak  c l i p p i n g  a n d  v o l t a g e  o f f s e t  i n  t h e  p h a s e  detector  
o u t p u t .  T h i s  c o n d i t i o n  is o n l y  a p rob lem a t  cold t e m p e r a t u r e  
extremes (-25oC) and  w i l l  n o t  be a p rob lem i n  t h e  t r a n s p o n d e r  
a p p l i c a t j n n  b e c a u s e  there  i s  a t e m p e r a t u r e  r ise i n  t h e  equ ipmen t  
above  t h e  a m b i e n t  e n v i r o n m e n t a l  c o n d i t i o n s .  Should  f u t u r e  a p p l i -  
c a t i o n s  r e q u i r e  t h e  e l i m i n a t i o n  of t h i s  e f f ec t ,  however ,  a new 
detector c o n f i g u r a t i o n  or l i m i t i n g  of t h e  i n p u t  s i g n a l  dynamics  
c o u l d  be i n c o r p o r a t e d .  I 
The e q u i p m e n t  is  b u i l t  w i t h  a minimum of selected components .  
Component t o l e r a n c e s  create p e r f o r m a n c e  d e v i a t i o n s ,  b u t  t h e s e  a r e  
6-43 
minor  and do n o t  a f f e c t ,  i n  any s i g n i f i c a n t  way, t h e  o v e r a l l  p e r -  
formance  of t he  d e m o d u l a t o r .  The c i r c u i t r y  is  n o t  c r i t i c a l  and* 
w i l l  p e r f o r m  t o  t h e  s p e c i f i c a t i o n s  imposed upon it by t h e  require- 
men t s  of t h e  AROD s y s t e m .  
6 . 4  STATION CONTROL LOGIC 
The s t a t i o n  c o n t r o l  log ic  d i r e c t s  t he  s e q u e n c e  o f  o p e r a t i o n s  
of t h e  t r a n s p o n d e r  s t a t i o n .  I t  d e c o d e s ,  v e r i f i e s ,  and o p e r a t e s  
on  t h e  VHF d a t a  f r o m  t he  v e h i c l e  t o  p r o v i d e  t h e  n e c e s s a r y  s i g n a l s  . 
t o  o ther  t r a n s p o n d e r  s u b s y s t e m s .  The s t a t i o n  c o n t r o l  l o g i c  a l s o  
g e n e r a t e s  and f o r m a t s  t h e  S-band d a t a  t o  be t r a n s m i t t e d  t o  t h e  
v e h i c l e  v i a  t h e  S-band l i n k .  
When t h e  t r a n s p o n d e r  s i t a t i o n  is i n  t he  TRACK mode, t h e  S-band 
t r a n s m i s s i o n  l i n k  may be u s e d  t o  t r a n s m i t  e x t e r n a l  d a t a ,  s u c h  a s  
a complete new program of memory d a t a ,  t o  the  v e h i c l e  . I ,  I n p u t  
g a t e s  and c l o c k  p u l s e s  a r e  p r o v i d e d  for t h i s  p u r p o s e .  However, 
e x t e r n a l  equ ipmen t  m u s t  be used  t o  encode  and g e n e r a t e  the re- 
q u i r e d  S-band t r a n s m i s s i o n  d a t a  and c o n t r o l  codes4 .  , 
The s t a t i o n  c o n t ' r o l  l o g i c  is  d e s i g n e d  t o  r e s p o n d  to ,  f o u r  
d i f f e r e n t  s i t e  I D ' s ,  i , e . ,  t o  s i m u l a t e  f o u r  t r a n s p o n d e r  s t a t i o n s .  
The f o u r  s i t e  I D  codes a r e  p u r p o s e l y  a r r a n g e d  i n  such  a manner 
t h a t  f o u r  o f  the  s i x  b i t s  o f  t h e  I D  c o d e s  a r e  common among t h e  
f o u r  s i t e  I D ' S .  Any c o m b i n a t i o n  o f  these  f o u r  b i t s  may be 
selected by a bank of I D  switches.  The r e m a i n i n g  two b i t s  
i d e n t i f y  t h e  i n d i v i d u a l  s k t e  I D ,  The p r i o r i t y  of t h e  f o u r  s i t e  
t l  
i 
" d  
I D ' s  is a r r a n g e d  on a f i r s t - c o m e - f i r s t - s e r v e  b a s i s .  Once  a g i v e n  
t o  i n h i b i t  t h e  v e r i f i c a t i o n  of  a l l  o t h e r  s i t e  I D ' s ,  The c o n t r o l  
l o g i c  for t h e  d e t e c t i o n  and v e r i f i c a t i o n  o f  three of  t h e  f o u r  
s i t e  I D ' s  is  packaged  i n  one m i c r o - h a r n e s s  module so t h a t  t h e  
t r a n s p o n d e r  s t a t i o n  may be r e a d i l y  m o d i f i e d  t o  r e spond ,  t o  o n l y  
one s i t e  I D .  






6 . 4 . 1  D e t a i l e d  F u n c t i o n a l  D e s c r i p t i o n  
B 
1 The t r a n s p o n d e r  s t a t i o n  c o n t r o l  l o g i c  c o n s i s t s  of e i g h t  micro- 
h a r n e s s  modu les .  A l l  t h h s e  modu les  a r e  housed  i n  o n e ' m o t h e r  
b o a r d .  A s i m p l i f i e d  f u n c t i o n a l  b l o c k  d i a g r a m  o f  t h e  s t a t i o n  con-  
t r o l  l og ic  is  g i v e n  i n  F igure  6-20. 
by t h e  d a s h e d  l i n e  a r e  u s e d  o n l y  i n  t h e  t e s t  model  t r a n s p o n d e r  
s t a t i o n  t o  s i m u l a t e  f o u r  t r a n s p o n d e r  s t a t i o n s  a t  one t e s t  s i t e .  
VHF Da ta  Flow 1 
The f u n c t i o n a l  b i o c k s  e n c l o s e d  
A m a j o r  p o r t i o n  of the $ s t a t i o n  c o n t r o l  l o g i c  is u s e d  t o  con-  
t r o l  the  flow of t h e  VHF d a t a .  The d a t a  f low d i a g r a m  is g i v e n  
i n  F i g u r e  6-21. The s t a t i o n  c o n t r o l  l o g i c  i s  n o r m a l l y  a t  t he  
s t a n d b y  mode u n t i l  t h e  D a t a  C h a n n e l  Lock s i g n a l  f rom t h e  VHF 
d e m o d u l a t o r  becomes a ONE. The demodu la t ed  s u b - b i t  d a t a  a r e  t h e n  
s e r i a l l y  s h i f t e d  i n t o  t h e  i n p u t  d a t a  r e g i s t e r  a t  t h e  s u b - b i t  r a t e  
u n t i l  a s y n c  word (1;11000) is d e t e c t e d .  The d e t e c t i o n  o f  the  
s y n c  word s e t s  t h e  s t a t i o n  c o n t r o l  l o g i c  t o  i ts  o p e r a t i o n a l  
r o u t i n e .  I f  t h e  n e x t  two' s u b - b i t s  f o l l o w i n g  t h e  s y n c  word 
r e p r e s e n t  t h e  e v e n t  m a r k e r ,  w h i c h  i n d i c a t e d  t h e  b e g i n n i n g  o f  a 
major f r ame  o f  VHF d a t a ,  t h e  c o m b i n a t i o n  of t h e  e v e n t  marke r  and  
s y n c  word is u s e d  t o  t u r n  on  the  main  power f o r  o t h e r  s u b s y s t e m s .  
The t r a n s p o n d e r  s t a t i o n  e n t e r s  t h e  s t a n d b y  mode. T h i s  combined 
s i g n a l  is a l s o  used  t o  s t a r t  t h e  16-frame c o u n t e r ,  reset  t h e  5- 
m i n u t e  timer and  p r e s e t  t h e  L-code i n  t h e  Code C o n t r o l  s u b s y s t e m ,  
i 
i 
Once a word s y n c  is  d e t e c t e d ,  r e g a r d l e s s  of t h e  s t a t u s  o f  the 
e v e n t  marke r  d a t a  b i t ,  t h e  s t a t i o n  c o n t r o l  t i m i n g  g e n e r a t o r  is 
i n i t i a t e d  t o  g e n e r a t e  t h e  n e c e s s a r y  t i m i n g  p u l s e s  t o  decode  and  
v e r i f y  t h e  VHF d a t a ,  The VHF d a t a  f o r m a t  is  g i v e n  i n  F i g u r e  6-22. 
B i t  P o s i t i o n  
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A l l  VHF s u b - b i t  d a t a  f o l l o w i n g  t h e  e v e n t  m a r k e r ,  d a t a  b i t  #4,  a re  
d e c o d e d .  I f  t h e  s i t e  I D  c o d e ,  d a t a  b i t s  #5 t h r o u g h  #lo, i s  veGi- 
f i e d ,  t h e  c o n t r o l  message  and  f r e q u e n c y  d a t a  a r e ,  s t r o b e d  i n t o  t h e  
F p e r t i n e n t  reg is te rs .  Ifi t h e  s i t e  I D  is n o t  v e r i f i e d ,  t h e  c o n t r o l  
message and  f r e q u e n c y  d a t a  a r e  i n h i b i t e d  u n t i l  t h e  n e p t  minor  
f r a m e .  The d e c o d i n g  and v e r i f i c a t i o n  o p e r a t i o n  c o n t i n u e s  a s  
l o n g  a s  word s y n c  is d e t e c t e d .  However,  i f  no  s i t e  I D  is v e r i -  
f i e d  a f t e r  16 m a j o r  f r a m e s ,  a p p r o x i m a t e l y  2 . 5  s e c o n d s ,  t he  o u t p u t  
o f  t h e  16-frame c o u n t e r  r e s e t s  t h e  v a r i o u s  c o n t r b l  message  f l i p -  
f l o p s  and  s i g n a l s  t h e  co e, c o n t r o l  sub - sys t em t o  r e t u r n  t o  s t a t e  
T-0. T h i s  p a r t i c u l a r  r e s e t  o p e r a t i o n  is n o t  a n F c e s s i t y  a t  t h i s  
t i m e  b u t  o n l y  a s  a c o n v e n i e n c e .  
16-frame c o u n t e r  may be f o u n d  i n  S e c t i o n  6 . 4 . 2 ,  
P 
A d e t a i l e d  d e s c b i p t i o n  of t h e  
When t h e  s i t e  I D  code  is v e r i f i e d ,  t h e  c o n t r o l  message  d a t a  
a r e  r o u t e d  t o  t h e  c o n t r o l  message d e t e c t o r ,  and  t h e  f r e q u e n c y  
d a t a  a r e  s h i f t e d  i n t o  the f r e q u e n c y  s t o r a g e  r e g i s t e r  f l i p - f l o p s .  
The c o n t r o ' l  message  d e t e c t o r  i s  a r r a n g e d  i n  s u c h  a manner t h a t  
t h e  f i r s t  c o n t r o l  message  s o  de t ec t ed  m u s t  be t h e  ON (011)  con-  
t r o l  message .  When t h e  ON c o n t r o l  message is d e t e c t e d ,  t h e  ON 
f l i p - f l o p  is  s e t  t o  e n a b l e  t h e  d e t e c t i o n  of a l l  o t h e r  c o n t r o l  
m e s s a g e s .  The ON f l i p - f l o p  a l s o  e n a b l e s  t h e  t r a n s m i t t e r  t o  
t r a n s m i t  S-band d a t a  t o  t h e  v e h i c l e .  The s t a t i o n  c o n t r o l  l o g i c  
r e t a i n s  i t s  s t a t u s  q u o  u n t i l  o t h e r  c o n t r o l  m e s s a g e s  a r e  d e t e c t e d ,  
When t h e  TRACK (101)  c o n t r o l  message  is  d e t e c t e d ,  t h e  s t a t i o n  
c o n t r o l  l og ic  s i g n a l s  t o  remove n e g a t i v e  d o p p l e r .  A f t e r  t h e  
n e g a t i v e  d o p p l e r  is c o m p l e t e l y  removed,  t h e  s t a t i o n  c o n t r o l  l og ic  
c h a n g e s  t h e  2nd s u b - b i t  o f  t h e  s t a t i o n  s t a t u s  d a t a  f r o m  a ONE 
t o  a ZERO and t r a n s m i t s  t h i s  b i t  of  i n f o r m a t i o n  t o  t h e  v e h i c l e  
v i a  t h e  S-band l i n k .  The t r a n s p o n d e r  s t a t i o n  is t h e n  c o n s i d e r e d  
t o  be a c q u i r e d ,  
To r e l e a s e  t h e  t r a n s p o n d e r  s t a t i o n ,  t h e  v e h i c l e  must  o r i g i n a t e  
t h e  RETURN TO STANDBY (000) c o n t r o l  m e s s a g e ,  When s u c h  a message  
is d e t e c t e d ,  t h e  s t a t i o n  c o n t r o l  l o g i c  i m m e d i a t e l y  d i s a b l e s  t h e  
kETURN TO STANDBY message is  s t o k e d  i n  t h e  RTS f l i p - f l o p  f o r  t h e  





n e x t  t h r e e  m a j o r  f rames . '  If t h e  p r e v i o u s l y  
r e a p p e a r s  d u r i n g  t h i s  i n t e r v a l ,  t h e  s t a t i o n  
s e l e c t e d  s i t e  I D  code  
c o n t r o l  l o g i c  uses '" 
I 
t he  s tored RETURN TO STANDBY c o n t r o l  message a s  t h e  c o n d i t i o n  t o  
r e a c q u i r e  t he  VHF s i g n a l .  However, i f  t h e  p r e v i o u s l y  selected 
s i t e  ID code  does n o t  r e a p p e a r  by the  b e g i n n i n g  o f  t h e  t h i r d  
m a j o r  f rame a f t e r  t he  RETURN TO STANDBY c o n t r o l  message is  re- 
c e i v e d ,  a l l  ON f l i p - f l o g s  a r e  reset  a t  P5 time t b  e n a b l e  t h e  
t r a n s p o n d e r  s t a t i o n  t o  s e l ec t  t h e  a p p r o p r i a t e  new s i t e  I D .  
T e s t  Model 
The s t a t i o n  c o n t r o l  l o g i c  is  d e s i g n e d  t o  s imul la te  four  t r a n s -  
ponde r  s t a t i o n s  and r e s p o n d s  t o  f o u r  d i f f e r e n t  siite I D ' S .  The 
f u n c t i o n a l  b l o c k s  f o r  th;e s i m u l a t i o n  l o g i c  a r e  e n c l o s e d  by the  
'dashed l i n e s  i n  F i g u r e  6~20. T h i s  p o r t i o n  o f  t h e  l o g i c  is packaged  
i n  one m i c r o - h a r n e s s  module,  s u c h  t h a t  t h e  s t a t i o n  c o n t r o l  l o g i c  
may be r e a d i l y  modi f ied  t o  r e spond  t o  o n l y  one s i t e  I D  w i t h  
minimal  r e d e s i g n  e f f o r t s .  
, 
d Four  s i t e  I D  d e t e c t o r s  a r e  shown i n  F i g u r e  6-20.  They a r e  
l a b e l e d  a s  s i t e  ID d e t e c l t o r  X O ,  X1, X2 and X3, where X r e p r e s e n t s  
t h e  f o u r  h i g h e r  o r d e r  b i t s  of  t h e  s i t e  I D  code w h i l e  LO,  1, 2 ,  and 
3 a r e  the d e c i m a l  e q u i v a l e n t  of the  two low o r d e r  b i t s ,  The f o u r  
h i g h  o r d e r  b i t s  of  t he  s i t e  I D  code f o r  a p a r t i c u l a r  t r a n s p o n d e r  
s t a t i o n  a r e  d e t e r m i n e d  by t h e  s e t t i n g s  o f  t h e  s i t e  I D  swi t ches  
k o u n t e d  on t h e  f r o n t  p a n e l .  
:It is o b v i o u s  t h a t  t h e  f!our s i t e  I D  c o d e s  a s s o c i a t e d  w i t h  t h e  
p a r t i c u l a r  t r a n s p o n d e r  s t a t i o n  d i f f e r  f rom e a c h  o t h e r  by two b i t s  
a t  t h e  v e r y  m o s t .  
The t w o  low o r d e r  b ' i t s  are  p r e - w i r e d ,  
A s i n g l e  ON c o n t r o l  message d e t e c t o r  is u s e d  t o  c o n t r o l  t h e  
o u t p u t  o f  t h e  f o u r  s i t e  I D  d e t e c t o r s .  When t h e  Code C o n t r o l  is 
i n  s t a t e  T-0, the  ON d e t e c t o r  is i n h i b i t e d .  When t h e  Code C o n t r o l  
is  n o t  i n  s t a t e  T-0, t he '  ON d e t e c t o r  o u t p u t  is l o g i c a l l y  combined 
w i t h  t h e  o u t p u t s  o f  t h e  s i t e  I D  d e t e c t o r s  and t h e  p r i o r i t y  deter-  
m i n a t o r  t o  s e l e c t  the  a p p r o p r i a t e  ON f l i p - f l o p .  When t h e  p r i o r i t y  
d e t e r m i n a t o r  is n o t  a s s i g n e d  t o  any p a r t i c u l a r  c h a n n e l ,  t h e  f i r s t  




message  a r e  g a t e d  t h r o u g h  t h e  ON c o n t r o l  l og ic  t o  s e t  t h e  p e r t i p -  
e n t  ON f l i p - f l o p .  The o u t p u t  of t h e  s e l e c t e d  ON f l i p - ; f l o p  s e t s  
t h e  p r i o r i t y  d e t e r m i n a t o r  t o  s e l e c t  and  o p e r a t e  o n l y  on  t h a t  
p o r t i o n  of t h e  i n p u t  d a t a  w h i c h  a r e  a s s o c i a t e d  w i t h  t h e  s e l e c t e d  
s i t e  I D .  
Norma l ly  t h e  RETURN Td STANDBY c o n t r o l  message  r e v e r t s  t he  
t r a n s p o n d e r  s t a t i o n  t o  t h e  s t a n d b y  mode. However,  s u c h  a n  a c t i o n  
c a u s e s  c o m p l i c a t i o n s  i n  t h e  t e s t  model. I f  t he  RETURH TO STANDBY 
c o n t r o l  message is due t o  a d r o p - o u t ,  c h a n n e l  p r t o r i t y  m u s t  be 
r e t a i n e d  s o  a s  t o  reacquire  t h e  same s i g n a l .  
i f  t h e  RETURN TO STANDBY i s  due  t o  maximum range , .  t h e  p r i o r i t y  
d e t e r m i n a t o r  m u s t  r e v e r t  t o  f i r s t - c o m e - f i r s t - s e r v e  o p e r a t i o n .  
The s t a t i o n  c o n t r o l  l o g i c  is d e s i g n e d  t o  t r e a t  t h e  RETURN TO 
STANDBY c o n t r o l  message  a s  i f  i t  were due t o  a d rop-ou t  u n t i l  
f u r t h e r  c l a r i f i c a t i o n  is r e c e i v e d  f r o m  t h e  v e h i c l e .  
O n l t h e  o t h e r  hand 
When t h e  RETURN TO STANDBY c o n t r o l  message i s . r e c e i v e d ,  t h e  
s t a t i o n  c o n t r o l  l o g i c  rese ts  t h e  v a r i o u s  c o n t r o l  message s t o r a g e  
f l i p - f l o p s ,  i n s t r u c t s  t h e  Code C o n t r o l  t o  r e t u r n  4 t o  s t a t e  T-0, 
and d i s a b l e s  t h e  S-band t r a n s m i s s i o n  l i n k ,  The i n f o r f i a t i o n  
s t o r e d  i n  t h e  p r i o r i t y  d e t e r m i n a t o r  is r e t a i n e d  f o r  t h e  n e x t  
th ree  m a j o r  f r a m e s .  I f  t h e  p r e v i o u s l y  s e l ec t ed  s i t e  I D  r e a p p e a r s  
1 
d u r i n g  tkiis i n t e r v a l ,  i . e . ,  t h e  RETURN TO STANDBY c o n t r o l  message  
1s d u e  t o  a d r o p - o u t ,  t h e  s t a t i o n  c o n t r o l  l o g i c  d r o c e e d s  t o  
o p e r a t e  on  t h e  r e a c q u i r e d  s i g n a l ,  
s i t e  I D  h a s  n o t  r e a p p e a r e d  by t h e  t h i r d  m a j o r  f r a m e ,  t h e  p r i o r i t y  
d e t e r m i n a t o r  is t h e n  r e s e t  t o  a c c e p t  o t h e r  s i t e  I D ’ S .  
If t h e  p r e v i o u s l y  s e l e c t e d  
S-Band Da ta  Format  
The S-band d a t a  a r e  t r a n s m i t t e d  t o  t h e  v e h i c l e  i n  a 1 0 - b i t  
P 
,i 
d a t a  f o r m a t  a s  shown i n  F i g u r e  6-23. The f i r s t  3 b i t s  (6 s u b - b i t s )  
a r e  u s e d  a s  word s y n c ,  wh ich  is  r e p r e s e n t e d  by t h e  s u b - b i t  p a t t e r n  
111000. B i t s  4 t h r o u g h  9 a r e  t h e  s i t e  I D  c o d e .  The l a s t  b i t  
t r a n s m i t s  t h e  s t a t i o n  s t a t u s .  The s i g n i f i c a n c e  o f  t h e  two s t a t i o n  
s t a t u s  s u b - b i t s  is g i v e n  i n  T a b l e  6-1. The f i r s t  s u b - b i t  r e p r e s e n t s  
d o p p l e r - r e v e  rse  -comple t e  ’ (T-DRC) . 
t h e  s t a t u s  of T-AH and t h e  s e c o n d  s u b - b i t  r e p r e s e n t s  t h a t  of t h e  i 1 
6-50 
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S i t e  I D  S t a t u s  I 
i I 
i 
TABLE 6-4. S t a t i o n  S t a t u s  
I s t a t u s  1 B i t  10 I’ 
6-5 1 
I 
. .  ! 
6 . 4 . 2  S t a t i o n  C o n t r o l  L o g i c  I m p l e m e n t a t i o n  
e 
T h i s  p o r t i o n  of t h e  repor t  c o n t a i n s  a d e t a i l e d  d e s c r i p t i o n  of t h e  
l og ic  d i a g r a m s  of t h e  s t a t i o n  c o n t r o l  l o g i c .  The d r a w i n g s  
heferred t o  a r e  d e t a i l e d  l o g i c  d i a g r a m s  a n d  a r e  q u i t e l b u l k y ;  
t he re fo re ,  t h e y  a r e  n o t  d i s t r i b u t e d  t o  t h e  e n t i r e  d i s t r i b u t i o n  
l i s t .  These  d r a w i n g s  a r e  f u r n i s h e d  o n l y  upon reques t .  I t  must  
be p o i n t e d  o u t  t h a t  these  l o g i c  d r a w i n g s  a r e  p r o d u c t i o n  d r a w i n g s  
which may be m o d i f i e d  s l i i g h t l y  d u r i n g  %he  r e m a i n d e r  o f  t h e  program.  
I 
VHF Timing  Module 
The VHF s u b - b i t  s y n c  p u l s e s  a r e  u s e d  t o  g e n e r a t e  t h e  n e c e s s a r y  
t i m i n g  p u l s e s  t o  o p e r a t e  on  the  r e c e i v e d  VHF d a t a .  The l og ic  f o r  
g e n e r a t i n g  these  t i m i n g  p u l s e s  is  shown i n  the VHF Timing  Module,  
l o g i c  d i a g r a m  #69-24440G. 
. The VKF s u b - b i t  s y n c , ,  which is a t r a i n  of p u l s e s ,  i s  g a t e d  
t h r o u g h  G20,  G21,  G 9  and  D2.  
i s  u s e d  t o  t r i g g e r  t h e  a p p r o p r i a t e  f l i p - f l o p s  d i r e c t l y .  G a t e s  
G 2 0 ,  G21,  and 69 a r e  u s e d  t o  e q u a l i z e  the  d e l a y  so t h a t  t h e  o u t -  
p u t  o f  these  g a t e s  may be p r o p e r l y  c o n t r o l l e d .  F o r  e x a m p l e ,  t h e  
t r i g g e r  i n p u t  t o  FF3 g o e s  t h r o u g h  same number o f ' g a t e s  and  d r i v e r  
as t h a t  o f  FF2 i n  r e l a t i o n  t o  t h e  VHF s u b - b i t  s y n c ,  e v e n  t h o u g h  
t h e  two t r i g g e r  p u l s e s  come f rom d i f f e r e n t  p a t h s ,  
The o u t p u t  of D2, l a b e l e d  2CLvHF, 
I 
FF3 is  c o n n e c t e d  a s  s imple b i n a r y  c o u n t e r ,  which  d i v i d e s  
2CLVHF by 2 t o  o b t a i n  CL 
t h r o u g h  G 1 5  t o  r e se t  FF3 s o  t h a t  CLVHF c a n  a l w a y s  c o r r e c t l y  de-  
code t h e  s u b - b i t  d a t a  f o l l o w i n g  word s y n c .  The s y n c  p u l s e  a l s o  
s e t s  FF2 and  r e s e t s  F F l  and t h e  r i p p l e  c o u n t e r ,  F F 4 ,  FF5 ,  FF6,  
and FF7.  The s t a t e  o f  t h e  c o u n t e r  i s  a l w a y s  0 i m m e d i a t e l y  
f o l l o w i n g  t h e  t r a i l i n g  e d g e  of t h e  s y n c  p u l s e ,  and s t a r t s  t o  c o u n t  
(0101) t h e  n e g a t i o n  o u t p u t  of  G 2 2  a t t e m p t s  t o  t r a n s f e r  t h e  s i t e  
I D  d a t a  from t h e  i n p u t  d a t a  r eg i s t e r  i n t o  t h e  I D  d a t a  r eg i s t e r .  
and  CLVHF. Word s y n c  is g a t e d  VHF 
p u l s e s  t h r o u g h  g a t e s  G16,  G18,  and  G 1 2 .  A t  a c o u n t  o f  5 C L ~ ~ ~  . 
The a c t u a l  t r a n s f e r  i s  e x e c u t e d  o n l y  i f  the  t r a n s p o n d e r  s t a t i o n  
p r i o r i t y  h a s  n o t  been  a s s i g n e d .  I n  t h e  meant ime t h e  r e c e i v e d  
s i t e  I D  d a t a  a r e  compared w i t h  t h e  f o u r  s i t e  I D  s t o r e d  i n  t h e  





When t h e  c o u n t e r  r e a c A e s  a c o u n t  of 1010 ( d 4 c i m a l  lo), t h e  
o u t p u t  of G7 is g a t e d  w i t h  2CLVHF(2) t o  reset  FF2. ' 
o u t p u t  of FF2 i n h i b i t s  G 1 3  and G 1 6  w h i l e  t h e  ONE o u t p u t  e n a b l e s  
&17 t o  change  the  i n p u t  t o  t h e  c o u n t e r  f rom the  C%m r a t e  t o  
t h a t  of 2CLVHF. F i n a l l y  a t  t h e  1 4 t h  (1110) c o u n t  t h e  o u t p u t  G 6  
e n a b l e s  Gf t o  se t  FF1,  which i n h i b i t s  G 1 7 .  The e o u n t e r  s t o p s  
e o u n t i n g  u n t i l  t h e  n e x t  word s y n c  is d e t e c t e d ,  The r e l a t i o n s h i p  
between t h e  v a r i o u s  t i m i n g  p u l s e s  is g i v e n  i n  Figure 5.  




Xnput Data  R e g i s t e r  Module 
The I n p u t  Da ta  Register '  Module (69-24436G) a c c e p t s  t h e  sub-  
b i t  d a t a  f rom the VHF Da ta  Demodulator  when t h e  b a t a  Channe l  
Lock s i g n a l  is a ONE. If t h e  c h a n n e l  is  n o t  l o c k e d  t o  t h e  v e h i c l e ,  
6 n l y  ZERO'S a r e  s h i f t e d  i n t o  t he  d a t a  r eg i s t e r  f i i p - f l o p s .  
1 
S u b - b i t  d a t a  a r e  s h i f t e d  i n t o  a 2 - s t a g e  s h i f t  r e g i s t e r ,  f l i p -  
The c o n t e n t s  o f  t h e  two f l i p L f l o p s  a r e  mod-2 f l o p s  FF3 and FF2. 
added i n  A.1 t o  c h e c k  f o r  p a r i t y  e r r o r s .  Only thbse  t h a t  a r e  
c o i n c i d e n t  w i t h  CLvW a r e  s t o r e d  i n  FF1. Word s y n c  (111000) 
a l w a y s  g e n e r a t e s  two s u c h  errors. T h e r e f o r e ,  i t  is n e c e s s a r y  
t o  rese t  FF1 w i t h  t h e  s y n c  p u l s e  p r i o r  t o  t h e  a r r i v a l  o f  t h e  
I 
1 
s i t e  I D  d a t a ,  
' FF3 and FF4 t h r o u g h  FFlO form an  8 - s t a g e  s h i f t  r eg i s t e r .  The 
s h i f t  c l o c k  t o  FF3 is f i r e d  a t  t he  s u b - b i t  d a t a  r a t e ,  2CLVHF, and  
t h a t  o f  FF4 t h r o u g h  F F l O j v a r i e s  w i t h  f u n c t i o n  o f  t h e  s h i f t  
r e g i s t e r ,  e i t h e r  a t  2CLVHF t o  d e t e c t  word s y n c  or a t  CLVHF t o .  
s t o r e  d a t a .  The two i n p u t s  t o  D l  come f rom t h e  VHF Timing  
Module. When t h e  s y s t e m  .is s e a r c h i n g  f o r  word s y n c ,  the  DATA 'c"z 
i n p u t  is low,  w h i c h  e n a b l e s  2 CGVHF(3) t h r o u g h  D 1  t o  s h i f t  FF4 
t h r o u g h  FFlO a t  t h e  same r a t e  a s  FF3. When a s y n c  word is de-  
t e c t e d ,  DATA = becomes a s q u a r e  wave, which e f f e c t i v e l y  c h a n g e s  
t h e  o u t p u t  of D 1  f rom 2CLVHF t o  CLVHF f o r  t he  n e x t  e l e v e n  d a t a  
b i t s ,  T h i s  is  the p r o c e d u r e  employed f o r  d e c o d i n g  the  s i t e  I D ,  
cont ro l  message ,  and f r e q u e n c y  d a t a  f rom t h e  s u b - b i t  d a t a .  If 
iu 
- 
ho p a r i t y  e r r o r  is s t o r e d  i n  FF1, P5 is g a t e d  t h r o u g h  G 1 8  
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hrough  FF8 i n t o  t h e  I D  Da ta  Regis te r ,  a s  d e s c r i u e d  i r i  3.1. The 
con t ro l  message and  f r e q u e n c y  d a t a  a r e  decoded 5 b i t s  l a t e r  a t  4. 
PkO by t h e  C o n t r o l  Message D e t e c t o r  module.  
The TRANSMIT ENABLE s i g n a l  ( o u t p u t  of  G16) is p a r t  of the 
s i t e  I D  p r i o r i t y  d e t e r m i n a t i o n  l o g i c .  Its o p e r a t i o n  is more 
c l o s e l y  r e l a t e d  t o  t h a t  o f  L o g i c  Module A and L o g i c  Module 3. 
i D  Data  Regis te r  Module I 
i 
The I D  Da ta  R e g i s t e r  Module (69-24432G) c o n s i s t s  of t h e  word 
s y n c  d e t e c t o r  and a 6 - b i t  s h i f t  r eg i s t e r  and  i t s ’ c o n t r o l  g a t e s .  
i 
The s h i f t  r eg i s t e r  a c c e p t s  t h e  6 - b i t  s i t e  I D  d a t a  i n  p a r a l l e l  
f rom t h e  I n p u t  Da ta  Reg i s t e r  when t h e  t r a n s p o n d e r  s t a t i o n  
p r i o r i t y  h a s  n o t  been  a s s i g n e d .  I t  a l s o  s t o r e s  And r e c i r c u l a t e s  
’ 
t h e  s e l e c t e d  s i t e  I D  f o r  t h e  S-band Da ta  E n c o d e r ,  
The s h i f t  r e g i s t e r ,  F$’l through FF6, is c o n t r o l l e d  p r i m a r i l y  
by two s i g n a l s ,  SELECTED’ON and TRANSMIT ENABLE. These  two 
d i g n a l s  a r e  c l o s e l y  r e l a t e d  t o  e a c h  o t h e r ,  and a r e  d e f i n e d  i n  
S e c t i o n  3.5. The SELECTED ON s i g n a l  c o n t r o l s  t h e  d a t a  d r o p - i n  
g a t e s  G 3 ,  G 7 ,  G10, G 1 3 ,  G 1 7 ,  G20 and G22, w h i l e  TRANSMIT ENABLE 
i n d i r e c t l y  c o n t r o l s  G4, G 5 ,  G 8 ,  G f l ,  G14, G 1 8  and G21. Only one 
$ e t  o f  g a t e s  c a n  be s e l e c t e d  a t  a t i m e ,  however b o t h  c a n  be 
i n h i b i t e d  s i m u l t a n e o u s l y .  
ENABLE is n e c e s s a r i l y  a ZERO, t h e  d a t a  d r o p - i n  g a t e s  a r e  e n a b l e d  
t o  a c c e p t  s i t e  I D  d a t a  f rom the  I n p u t  Data  R e g i s t e r ,  The d a t a  
l i n e s  a r e  l a b e l e d  a s  FFA, FFB, FFC(2) ,  FFD(2) ,  F F E ( 2 ) , .  and FFF, 
where FFA is the  h i g h  o r d e r  b i t  and FFF the  low o r d e r  b i t .  These  
d a t a  a r e  s t r o b e d  i n t o  t he  s h i f t  r e g i s t e r  once  p e r  minor  f rame by 
I D  STROBE t h r o u g h  G22 u n t i l  t h e  p r o p e r  s i t e  I D  i s  s e l e c t e d .  The 
SELECTED ON s i g n a l  t h e n  becomes a ONE and i n h i b i t s  the  d a t a  d rop-  
i n  g a t e s .  When TRANSMIT ENABLE becomes a ONE, t he  o u t p u t  of D2 
e n a b l e s  t he  o t h e r  s e t  of g a t e s  t o  r e c i r c u l a t e  t h e  s e l e c t e d  s i t e  
I D  d a t a  u n d e r  t he  c o n t r o l  o f  t h e  S-band l o g i c  a t , G 2 1 .  







The c o m b i n a t i o n  of 6 2 5  and 0 2 6  is a r r a n g e d  t o , d e t e c t  word 
gync ,  111000.  
? t  G 2 3  t o  detect  t h e  e v e h t  m a r k e r ,  s u c h  t h a t  G23 is e i f f e c t i v e l y  
d e t e c t i n g  a n  8 - s u b - b i t  code  o f  11100001. The o u t p u t  of  G23 is 
l a b e l e d  PRESET and t h a t  of G 1 6  PRESET. Each  PRESET p a l s e  r e p -  
r e s e n t s  a m a j o r  f r a m e .  The PRESET p u l s e  is used  by t h e  Code 
C o n t r o l  Subsys tem t o  p r e s e t  t he  L-code a s  r e q u i r e d .  
C o n t r o l  Message D e t e c t o r i M o d u l e  
' 
v a r i o u s  c o n t r o l  messages  and s t o r e s  t h e  f r e q u e n c y  code  and o t h e r  
p e r t i n e n t  d a t a .  
Ou tpu t  p i p  #9 of G26 is g a t e d  w i t h  FFB and FFA 
I 
I 
The C o n t r o l  Message DQtec tor  Module,  #69-2442l$G, d&codes  t h e  
1 
! 
F l i p - f l o p  FF1 s tores  one o f  t h e  f o u r  s i t e  I D ' S  a s s o c i a t e d  w i t h  
i r a n s p o n d e r  s t a t i o n ,  Ga te  G 2 5  d e t e c t s  s i t e  I D  code  XXXXOO. The 
XXXX p o r t i o n  o f  t h e  code is l a b e l e d  a s  I D  ENABLE ( p i n " # f i  o f  G25).  
I t  r e p r e s e n t s  the f o u r  h i g h  o r d e r  b i t s  o f  t h e  I D  code and is 
s e l e c t e d  by s e t t i n g  t h e  I D  s w i t c h e s  t o  t h e  r i g h t  c o m b i n a t i o n ,  
The o u t p u t  of G25 is s h i f t e d  i n t o  FF1 by t h e  I D  dTROBE p u l s e  a t  
P5. The ZERO o u t p u t  of  FF1 e n a b l e s  G1 t o  s t o r e  t h e  ON c o n t r o l  
message i n  t h e  ON f l i p - f l o p  i n  L o g i c  Module A a t  ' P 1 0  i f  there  is 
do p a r i t y  e r ro r  and s t a t i o n  p r i o r i t y  a s s i g n m e n t . '  If t h e  s t a t i o n  
p r i o r i t y  h a s  been a s s i g n e d  t o  a g i v e n  I D  code  t h e  o u t p u t  of G 1  is 
i n h i b i t e d  i n  L o g i c  Module A .  
The 2 - b i t  f r e q u e n c y  d a t a  a r e  s t o r e d  i n  f l i p - f l o p s  FF2 and FF3'. 
D a t a  a r e  s t r o b e d  i n t o  these two f l i p - f l o p s  once  p e r  minor  f rame 
a t  P10 u n t i l  a s i t e  I D  is  se lec ted .  Af te r  t h e  s t a t i o n  p r i o r i t y  
h a s  been a s s i g n e d  t o  t h e  s e l ec t ed  s i t e  I D ,  o n l y  t h e  ON PULSE is  
a l l o w e d  t o  s h i f t  the  f r e q u e n c y  d a t a  i n t o  FF2 and  FF3,  T h i s  
p a r t i c u l a r  i m p l e m e n t a t i o n  is n e c e s s a r y  i n  o r d e r  t o  t a k e  c a r e  of 
t h e  c a s e  where t h e  f i r s t  p r o p e r  s i t e  I D  code  i s  r e c e i v e d  c o r r e c t l y  
w h i l e ,  t h e  ON c o n t r o l  message and /o r  the  f r e q u e n c y  d a t a  have one 
or more b i t s  i n  e r ro r ,  G a t e s  G 8 ,  G 1 1 ,  G14, and G16 d e c o d e s  t h e  
f r e q u e n c y  d a t a  t o  p r o v i d e  f o u r  c h a n n e l  f r e q u e n c y  o u t p u t  l i n e s .  
The c h a n n e l  
f o u r  o u t p u t  
I 
f r e q u e n c y  a s s i g n m e n t s  a r e  g i v e n  i n  T a b l e  




n o r m a l l y  ZERO 




{low) u n t i l  a l l  d a t a  a r e , c o r r e c t l y  r e ' c e i v e d .  The se lec t  c h a n n e l  
f r e q u k n c y  l i n e  becomes a ONE a s  t h e  TRANSMIT ENABLE s i g n a l  becomes 
a !ZERO. T h r e e  a d d i t i o n a l  o u t p u t s ,  Po, P1, and  P2 a r e  p r o v i d e d  
f o r  the  d i v i d e  by k l o g i c  i n  t h e  D i v i d e r ,  S y n t h e s i z e r  Loop f o r  
p r o p e  r f r e q u e n c y  g e n e r a  t i o n .  
, I 1 
i - 1  
I The ON c o n t r o l  messagy is decoded  by G 2 8 .  When. the Code 
C o n t r o l  is n o t  i n  s t a t e  t - 0 ,  G 2 8  a l w a y s ' d e t e c t s  t he  3 - b i t  com- 
i b i n a t i o n  of 001 ( h i g h  o r d e r  b i t  f i r s t ) .  However,' t h e  o u t p u t  of 
G28 is s i g n i f i c a n t  o n l y  a t  P10. The r i g h t  code  o c c u r r i n g  a t  
I 1 t h e  wrong t i m e  is i n h i b i t e d .  The d e c o d i n g  o f  t h e  o t h e r  c o n t r o l  
m e s s a g e s  is d e f e r r e d  u n t i l  a s i t e  I D  and  i ts  ON c o n t r o l  message  
@re c o r r e c t l y  r e c e i v e d .   gates G 2 6  a n d  G 2 7  a r e  a r r a n g e d  t o  ' 
geeode 1x1 a n d  OOX r e s p e k t i v e l y  and  a re  c o n t r o l l e d  by t h e  ON PULSE. 





J w h i c h  i n d i c a t e s  t h a t  t h e  new program d a t a  l o a d e d  i n t o  t h e  v e h i c l e  
memory c o n t a i n  p a r i t y  e r r o r ( s ) .  S i m i l a r l y  G 2 0 ,  621, and  G 2 3  
decode  r e s p e c t i v e l y  t h e  TRACK (101), RETURN TO STANDBY (000),  and  




F l i p - f l o p  FF4 is a s i m p l e  b i n a r y  c o u n t e r  which d i v i d e s  L59 -b - 
L127 by 2 t o  g e n e r a t e  the S-band c l o c k  CLSB a n d  CLSB f o r  the  
E n c o d e r  Module.  
L o g i c  Module A and  Module B i 
i L o g i c  Module A (69-2482OG) and  L o g i c  Module 3 (69-24424G) con- 
i r o l  t h e  b a s i c  s e q u e n c e  bf  o p e r a t i o n .  L o g i c  Module B is r e q u i r e d  
i 





s i t e  I D ' S .  The three s i t e  I D  c o d e s  a r e :  XXXXOJ, XXXX10,  and 
XXXX11,  where t h e  h i g h  o p d e r  b i t s  a r e  p r e - s e l e c t e d  by t h e  s i t e "  
I D  s w i t c h  bank.  
c o n v e r t e d  t o  a normal  s i n g l e  s i t e  I D  s t a t i o n  by r e p l a c i n g  Module 1 
B w i t h  i n t e r c o n n e c t i n g  wires .  
! 
I 
The t e s t  model t r a n s p o n d e r  s t a t k o n  c p n  be r e a d i l y  
The I D  ENABLE s i g n a l  t o  L o g i c  Module B is  norma l ly  h i g h .  When 
t h e  f o u r  h igh  o r d e r  b i t s '  of t h e  s i t e  I D  code  match  the  s e t t i n g s  
of t h e  XXXX p o s i t i o n  o f  ' the  I D  s w i t c h  bank,  t h e  I D  ENABLE s i g n a l  
becomes ZERO t o  e n a b l e  G21, G22, and G23 t o  c h e c k  t h e  r e m a i n i n g  
two b i t s  of  t h e  s i t e  I D  c o d e .  G21 r e s p o n d s  t o  11, G22 t o  10, and 
G23 t o  01. The XXXXOO I D  g a t e  and s t o r a g e  f l i p - f l o p s  a r e  l o c a t e d  
i n  t he  C o n t r o l  Message D e t e c t o r  module (see S e c t i o n  3 . 4 ) .  The 
r e c e i v e d  s i t e  I D  code  is1 compared once  p e r  minor1 c y c l e  w i t h  the  
f o u r  s t o r e d  I D  c o d e s .  
I D  s t o r a g e  f l i p - f l i p ,  FFZ, FF2, or FF3,  by t h e  ID STROBE p u l s e .  
( S i t e  I D  s t o r a g e  f l i p - f l o p  for XXXXOO i s  l o c a t e d  i n  t h e  C o n t r o l  
Message Detector modu le ) .  Only one of these  f o u r  f l i p - f l o p s  c a n  
be s e l e c t e d  a t  any minor  c y c l e .  The f l i p - f l o p  SD se l ec t ed  e n a b l e s  
t h e  Pl0 + ERROR p u l s e  to' sample  t h e  c o n t r o l  message .  
t r o l  message is ON ( 0 1 1 ) ' t h e  c o r r e s p o n d i n g  ON f l i p - f l o p ,  FF4, FF5, 
or FF6 o f  Module B o r  FF1 of  Module A ,  is  s e t  t o  a s s i g n  t h e  s t a t i o n  
p r i o r i t y  t o  t h e  s e l e c t e d  s i t e  I D .  T h i s  is  a c c o m p l i s h e d  by com- 
b i n i n g  t h e  s e t  o u t p u t  of  t h e  ON f l i p - f l o p s  i n  G2i7, Module B. The 
s e t t i n g  o f  t h e  ON f l i p - f l o p  c h a n g e s  t h e  o u t p u t  of G27, 
SELECTED ON, f rom a normially ONE s i g n a l  t o  a ZERO. G a t e s  G24, 
G25, and G26 o f  Module B and G25 o f  Module A a r e  i n h i b i t e d  by 
SELECTED ON, wh ich  e f f e c t i v e l y  r e t a i n s  t h e  ON c o n t r o l  message i n  
t h e  p e r t i n e n t  ON f l i p - f l o p ,  w h i l e  e x c l u d i n g  t h e  o t h e r  three f l i p -  
f l o p s  from s e t t i n g ,  The t r a n s p o n d e r  s t a t i o n  is c o n s i d e r e d  
l o c k e d  t o  t h e  s e l e c t e d  c h a n n e l  and r e s p o n d s  o n l y  t o  the  c o n t r o l  
messages  a s s o c i a t e d  w i t h  t h a t  p a r t i c u l a r  s i t e  I D .  
J The above  d e s c r i p t i o n  may be b e t t e r  i l l u s t r a t e d  by a n  example ,  
.Assume t h a t  t h e  t r a n s p o n d e r  s t a t i o n  h a s  been i n  t h e  STANDBY mode 
Ahy match is s h i f t e d  i n t o  t h e  a p p r o p r i a t e  
- 







f o r  sometime, and X X X X l l  is the  f i rs t  c o r r e c t l y  r e c e i v e d  s i t e  I D  
c b d e .  Ga te  G 2 1  o f  Module B c o n d i t i o n s  I D  s t o r a g e '  f l i p - f l o p  FF1. 
t o  be se t  by t h e  I D  STROBE p u l s e ,  w h i l e  s i m u l t a n e b u s l y  r e s e t t i n g  
t h e  o the r  three I D  s t o r a g e  f l i p - f l o p s .  I f  t h e  n e x t  5 d a t a  b i t s ,  
which m u s t  be t h e  ON (011)  c o n t r o l  message and  f r e q u e n t y  c o d e ,  
a r e  c o r r e c t l y  r e c e i v e d ;  i . e . ,  no p a r i t y  e r r o r ,  t h k  + ERROR 
s i g n a l  is p a s s e d  t h r o u g h  G6 t o  s e t  FF4. S e t t i n g  FF4 t o  a ONE 
f o r c e s  o u t p u t  p i n  #8 o f  G27 t o  be a ZERO. The SE CTED ON s i g n a l  
is r o u t e d  t o  G16 o f  t h e  I b p u t  Da ta  Regis te r  modul 69 -2 443 6G, 
ahd  t o  D2 of t h e  5-minute' timer module,  69-244730. The o u t p u t  
of G16 is used  t o  e n a b l e  the I D  Data  Regis ter  t o  r e c i r c u l a t e  
t h e  I D  Da ta  a s  n e e d e d ,  and t o  i d e n t i f y  t h e  s e l e c t e d  c h a n n e l  fre- 
q u e n c y ,  The o u t p u t  o f  D2, which  is  l a b e l e d  SELECTED ON, i n h i b i t s  
t h e  I D  s t r o b e  and  d a t a  d r o p - i n  g a t e s  i n  the I D  Da ta  Regis te r  and 
t h e  ON c o n t r o l  g a t e s ,  G25!of  Module A and G24, G 2 5 ,  and G26 o f  
Module B,  t h u s  i g n o r i n g  ai l1  s u b s e q u e n t  ON c o n t r o 1 , m e s s a g e s .  The 
ONE s t o r e d  , i n  FF4 a u t o m a t i c a l l y  a s s i g n s  t h e  s t a t i o n  p r t o r i t y  t o  
s i t e  I D  code  XXXX11.  The t r a n s p o n d e r  s t a t i o n  i g n o r e s  a l l  o t h e r  
s i t e  I D  c o d e s  and  r e s p o n d s  o n l y  t o  t h e  c o n t r o l  messages  a s s o c i a t e d  
1 
I 
w i t h  t h e  s e l e c t e d  s i t e  I D ,  e x c l u d i n g  the  ON c o n t r b l  message .  
These  cont ro l  messages  a r b  sampled o n l y  once  p e r  ma jo r  c y c l e  by 
Ob PULSE, which  is  g e n e r a k e d  by combining  t h e  o u t p u t  OF G8 and 
FF4 a t  G12. If t h e  s e l e c t e d  s i t e  I D  a n d / o r  i t s  c o n t r o l  message 
d a t a  a r e  r e c e i v e d  w i t h  p a r i t y  e r r o r ,  no ON PULSE s i g n a l  is gen- 
e k a t e d .  When the  TRACK c o n t r o l  message is d e t e c t e d ,  i t  is s t o r e d  
i n  f l i p - f l o p  FF6 which  i n i t i a t e s  t he  n e c e s s a r y  s i g n a l s  f o r  re- 
v e r s e  d o p p l e r  o p e r a t i o n .  The LOAD MEMORY and  LOAD MEMORY ERROR 
I 
s i g n a l s  when d e t e c t e d  a r e  r e s p e c t i v e l y  s t o r e d  i n  FF7 and FF8. 
Both o f  these f l i p - f l o p s  a r e  rese t  when t h e  l o a d  memory o p e r a t i o n  
' is c o m p l e t e d ,  
The RETURN TO STANDBY (RTS) c o n t r o l  message n o r m a l l y  resets  
t h e  t r a n s p o n d e r  s t a t i o n  t? t h e  s t a n d b y  mode, I f  RTS is due t o  
ai s i g n a l  d r o p - o u t ,  t he  t r b n s p o n d e r  s t a t i o n  is r e a d y  t o  r e spond  
t b  t h e  r e a c q u i s i t i o n  o p e r a t i o n .  
t h e  t r a n s p o n d e r  s t a t i o n  r e m a i n s  i n  t h e  s t a n d b y  mode u n t i l  i t  is 






s h u t  o f f  by t h e  5-minute timer l o g i c .  However, t h e  t e s t  model  
t r a n s p o n d e r  s t a t i o n  operdtes  i n  a f i r s t - c o m e - f  i r s t - s e r v e  b a s i s . "  
The RTS s i g n a l  i s  a l w a y s  ' t r e a t e d  a s  i f  due t o  a dirop-out u n t i l  
f u r t h e r  c l a r i f i c a t i o n  is r e c e i v e d  f rom t h e  v e h i c l e .  I f  t h e  pre- 
v i o u s l y  selected s i t e  I D  r e a p p e a r s  w i t h i n  3 ma jo r  f r a m e s  a f t e r  
RTS, t h e  s t a t i o n  c o n t r o l  l o g i c  s i m p l y  l o c k s  t o  t h e  r e a c q u i r e d  
s i t e  I D  and  p r o c e e d s  on  t o  i ts  normal  o p e r a t i n g  d o u t i n e .  
r e a c q u i s i t i o n  is n o t  a c c o m p l i s h e d  i n  3 ma jo r  f r a d e s ,  t he  16-frame 
d o u n t e r  g e n e r a t e s  a DELAY RTS s i g n a l  t o  e r a s e  t h e  s t a t i o n  p r i o r i t y .  
The t r a n s p o n d e r  s t a t i o n  is f o r c e d  t o  t h e  s t a n d b y  mode. A l l  ON 
f l i p - f l o p s  a r e  rese t  t o  r e spond  t o  any  s i t e  I D ' S  a s s o c i a t e d  w i t h  
t he  t e s t  model t r a n s p o n d e r  s t a t i o n .  The DELAY RTS l o g i c  is 
g i v e n  i n  t h e  I n p u t  Data  Regis te r  Module,  d rawing  'number 69-24436G. 




The ON or  TRACK c o n t r o l  messages  f rom t h e  v e h i c l e  a r e  re- 
i 
p e a t e d l y  t r a n s m i t t e d  t o  t h e  t r a n s p o n d e r  s t a t i o n .  If e i t h e r  
c o n t r o l  message and /o r  i t s  a s s o c i a t e d  s i t e  I D  a r e  r e c e i v e d  w i t h  
p a r i t y  e r r o r ,  t h e  s t a t i o n  c o n t r o l  l o g i c  i g n o r e s  t h e  p e r t i n e n t  
o p e r a t i o n  u n t i l  a l l  d a t a  a r e  c o r r e c t l y  r e c e i v e d .  On the  o t h e r  
hand t h e  RETURN TO STANDBY c o n t r o l  message is t r a n s m i t t e d  o n l y  
q n c e .  IT t h e  t r a n s p o n d e r  s t a t i o n  f a i l s  t o  decode RTS f o r  any  
r e a s o n ,  i t  a l s o  f a i l s  t o  r e spond  t o  any  and a l l  s u b s e q u e n t  new 
s i t e  I D ' S .  The 16-Frame C o u n t e r ,  FF2, FF3,  FF4, and FF5 o f  
69-244206, and i t s  a s s o c i a t e d  l o g i c  g a t e s  a r e  u s e d  t o  s o l v e  t h i s  
e x a c t  problem.  Assume t h a t  RTS is t r a n s m i t t e d  by t h e  v e h i c l e  and 
is n o t  p r o p e r l y  r e c e i v e d  by t h e  t r a n s p o n d e r  s t a t i o n .  I f  RTS is 
due t o  a d r o p - o u t ,  t h e  v e h i c l e  r e t a i n s  t h e  o l d  s i t e  I D  and 
t r a n s m i t s  a n  ON c o n t r o l  message a t  t h e  v e r y  n e x t  ma jo r  c y c l e .  
The s t a t i o n  c o n t r o l  log ic  d e c o d e s  and r e c o g n i z e s  t h e  o l d  s i t e  
I D  and i ts  ON c o n t r o l  message a s  i f  n o t h i n g  h a s  happened ,  w h i l e  
k e e p s  on t r a n s m i t t i n g  t h e  o l d  s i t e  I D  and w h a t e v e r  s t a t i o n  s t a t u s  
d a t a  may be a v a i l a b l e  a t  the  t i m e  v i a  t h e  S-band l i n k .  However, 
whe the r  or n o t  t h e  v e h i c l e  S-band r e c e i v e r  c a n  r e a c q u i r e  t he  , 
r a n s p o n d e r  s t a t i o n  s i g n a l  depends  upon the  T - s t a t e  a t  wh ich  the 
drop-out  o c c u r s .  If i t  occurs p r i o r  t o  T-DRC, t h e  v e h i c l e  S-band 













y i t h o u t  d i f f i c u l t y .  I n  ,case t h a t  t h e  v e h i c l e  f a i l s  t o  r e a c q u i r e  
the  t r a n s p o n d e r  s t a t i o n  i n  4 s e c o n d s ,  i t  t r a n s m i t s  a n o t h e r  RTS‘ 
c o n t r o l  message .  A t  which t i m e  t h e  v e h i c l e  e i t h e r  r e p l a c e s  t h e  
o l d  s i t e  I D  w i t h  a new one or r e t a i n s  t h e  o l d  one f o r  a d d i t i o n a l  
4-second i n t e r v a l s  o f  r e a c q u i s i t i o n  t ime.  The v e h i c l e  makes i ts 
d e c i s i o n  a c c o r d i n g  t o  the f o l l o w i n g  r u l e s :  
’ 1. If the  p e r t i n e n t  s i t e  I D  is t h e  o l d e s t ,  i t  is r e l e a s e d  
4 
, and r e p l a c e d  by a ’ n e w  s i t e  I D  from t h e  v e h i c l e  memory. 
I 
2 .  I f  t h e  p e r t i n e n t  s i t e  I D  is t h e  n e w e s t ,  i t  is b e l e a s e d  
and r e p l a c e d  by i t s  a l t e r n a t e  s i t e  I D .  
I 
1 4 
I 3 .  If n e i t h e r  one of  t h e  above r u l e s  a p p l i e s ,  t h e  p e r t i n e n t  
s i t e  I D  is r e t a i n e d  and g i v e n  a d d i t i o n a l  r e a c q u i s i t i o n  
t i m e ,  a t  4 s econd  i n t e r v a l s .  
1 
1 I 
If RTS is due  t o  maximum r a n g e ,  t h e  s u b s e q u e n t  v e r i f i c a t i o n s  o f  
t h e  new s i t e  I D  and t h e  p r e v i o u s l y  se lec ted  ON f l i p - f l o p  do  n o t  
ma tch .  As’ a r e s u l t  no ON PULSE is  g e n e r a t e d  t o  rese t  t h e  16- 
f rame c o u n t e r ,  which  c o u n t s  ma jo r  f r a m e s  ; i . e . ,  PRESET p u l s e s .  
A t  a c o u n t  o f  1 6  (0000) , I  a p p r o x i m a t e l y  2 . 5 6  s e c o n d s ,  G26 of 
69-244206 g e n e r a t e s  a s i g n a l  a t  P5 t i m e  t o  f o r c e i t h e  t r a n s p o n d e r  
s t a t i o n  t o  t h e  s t a n d b y  mode, which l e a v e s  t h e  t r a n s p o h d e r  s t a t i o n  
w i t h  a p p r o x i m a t e l y  1 .5  s e c o n d s  t o  r e spond  t o  t h e ’ n e w  s i t e  I D .  
Under  normal  c i r c u m s t a n c e  1 .5  s e c o n d s  a r e  more t h a n  a d e q u a t e  f o r  
t h e  v e h i c l e  t o  v e r i f y  t h e  new s i t e  I D ,  If t h e  new s i t e  I D  is 
n o t  v e r i f i e d  w i t h i n  t h i s  time i n t e r v a l ,  t he  v e h i c l e  s i m p l y  re- 
p l a c e s  t h e  new s i t e  I D  by i ts  a l t e r n a t e  and s t a r t s  a n o t h e r  
4-second c y c l e .  
5 -Minu te  Timer  Module and I D  Swi tches  
The 5-Minute  Timer c o n s i s t s  of  a n  I f - s t a g e  r i p p l e  c o u n t e r ,  
FF1 t h r o u g h  F F l l  o f  69-24473G. 
t r a n s p o n d e r  s t a t i o n  p e r t j n e n t  power s u p p l i e s  ON/OFF. A s s u m e  b o t h  
Vcc and VHF sub-b i t  s y n c  a r e  a l w a y s  a v a i l a b l e  t o  t h e  s t a t i o n  
I ts  main f u n c t i o n  is t o  t u r n  t he  
c o n t r o l  l o g i c .  If t h e  t r a n s p o n d e r  s t a t i o n  is i n  t h e  o f f  mode, 
t h e  5-Minute Timer  is  i n o p e r a t i v e .  If t h e  t r a n s p o n d e r  s t a t i o n  






p e r t i n e n t  power s u p p l i e s  o f f  a p p r o x i m a t e l y  5 m i n u t e s  a f t e r  t h e  
d e t e c t i o n  of  t h e  l a s t  word s y n c  (111000). The 5-Minute Timer  * 
, c o u n t s  S-band f r a m e ,  T2CLSB, and  is rese t  by word s y n c .  
When t h e  t r a n s p o n d e r  ( s t a t i o n  is i n  the  o f f  mode, t h e  code  
c o n t r o l  power is  o f f ,  thus  no S-band c l o c k ,  CLSBi, is a v a i l a b l e  
t o  advance  t h e  5-Minute T imer .  T h e r e f o r e ,  the  t r a n s p p n d e r  
s t a t i o n  r e m a i n s  i n  t h e  o f f  mode u n t i l  VHF word s k n c  is d e t e c t e d .  
The s y n c  p u l s e  r e s e t s  t h e  5-Minute Timer  and a t  [the same t i m e  
s e t s  FF12 t o  t u r n  o n  t h e  p e r t i n e n t  power s u p p l i e p .  After  a 
pomina l  t u rn -on  d e l a y ,  the, code  c o n t r o l  s u p p l i e s  S-band c l o c k  
p u l s e s  t o  t h e  s t a t i o n  c o n t r o l  l o g i c .  
CLSB, which o c c u r s  once  p e r  S-band d a t a  f rame or a p p r o x i m a t e l y  
0 . 2 0  s e c . ,  is used  t o  advance  t h e  5-Minute T imer ,  w h i l e  t h e  s y n c  
p u l s e  rese ts  i t .  A s  a r e s u l t ,  t h e  5-Minute Timer o s c i l l a t e s  
between 1 and 0 u n t i l  t h e  t r a n s p o n d e r  s t a t i o n  l o s e s  i ts  VHF 
s i g n a l .  I n  t h e  a b s e n c e  of s y n c  p u l s e s  t h e  5-MinQte Timer c o u n t s  
T2CLSB I 
m i n u t e s ,  the  combined o u t p u t  of G 3 ,  G4, and G 5  r & s e t s t F F 1 2 .  The 
t r a n s p o n d e r  s t a t i o n  is r e v e r t e d  back t o  t h e  o f f  mode. 
The c o m b i n a t i o n  o f  Tg and 
When i t  r e a c h e s , a  c o u n t  o f  1536,  or a p p r o x i m a t e l y  6 
The s i t e  I D  s w i t c h  bank is  u s e d  t o  s e l ec t  t h e  p a r t i c u l a r  
s t a t i o n  s i t e  I D  amongst t h e  r e c e i v e d  VHF d a t a ,  b n l y  f o u r  switches 
a r e  used  i n  t h e  t e s t  modkl t o  s e l e c t  the  h i g h  o r h e r  fou r  b i t s  o f  
t h e  I D  c o d e .  The low o r d e r  two b i t s  a r e  p e r m a n e n t l y  w i r e d .  I f  
t h e  f o u r  h i g h  o r d e r  b i t s  of t h e  r e c e i v e d  s i t e  I D  d a t a  match  the  
s e t t i n g  of t h e  I D  swi t ches ,  t h e  I D  ENABLE o u t p u t  o f  G6, wh ich  is 
r e f e r r e d  t o  a s  t h e  XXXX p o r t i o n  of  t h e  I D  c o d e ,  is  combined w i t h  
t h e  two low o r d e r  b i t s  t o  s t r o b e  t h e  s i t e  I D  FF. The o t h e r  l o g i c  
e lements ,  D 1 ,  D2 and G 8  a r e  used  a s  i n v e r t e r s  and /o r  t o  i n c r e a s e  
the d r i v e  c a p a b i l i t y .  
S t a t i o n  C o n t r o l  Encoder  Module 
The Encoder  Module, 69-244446, is used  t o  g e n e r a t e  the  r e q u i r e d  
S-band t i m i n g  and f o r m a t  and e n c o d e s  t h e  d a t a  f o r  S-band t r a n s -  
k i s s i o n .  G16 a c c e p t s  an& combines t h e  LS9 and L127 p u l s e s  t o  
- 
korn; L~~ + L ~ ~ ~ ,  which  is  l a b e l e d  a s  5.The o u t p u t  of G 1 5 ,  
6-62 
i 
d r i v e s  a f l i p - f l o p ,  FF4 o f  t h e  C o n t r o l  Message Detector L59 * L127’ 
Module (69-24428G), w h i c h  d i v i d e s  LS9 + L127 by 2 to  p r o v i d e  













The S-band d a t a  f o r m a t  is  d e s c r i b e d  i n  S e c t i o n  6 . 4 . 1 .  The 
1 0 - b i t  format i s  g e n e r a t e d  by a d i v i d e  by 10 c o u n t e r ,  FF4,  FF5, 
FF6, and  FF7 of  t h e  E n c o d e r  Module.  F l i p - f l o p s  FF4, FF5, and  
FF6 a r e  c o n n e c t e d  a s  a s h i f t  r e g i s t e r  w i t h  f e e d b a c k ,  G 1 3  a n d  G14. 













g i v e n  i n  T a b l e  6-6. N o t  a l l  10 s t a t e s  a re  e x p l i c i t l y  u s e d .  Gates  
G 2 1 ,  G22 and  G 2 3  p i c k  o u t  r e s p e c t i v e l y  t h e  S-band T2 ,  T 3 ,  and  T9 
(do  r e l a t i o n  t o  t h e  V e h i c l e  T - p u l s e s ) .  
is g i v e n  i n  F i g u r e  6-25. 
The S-band t i m i n g  d i a g r a m  
TABLE 6-6. S t a t e s  of 10’s C o u n t e r  
T-Pulse  FF4 
T 1  1 
T2 1 
T 3  1 
T4 0 
T 5  0 
T6 $ 
T7 1 














‘ T h e  word s y n c  p a t t e r n  (111000)  i s  g e n e r a t e d  by s e l e c t i n g  t h e  
s e c o n d  h a l f  of T2 w i t h  G 1 2  and  c o m b i n i n g  i t  w i t h  T3 a t  G 1 1 .  G 1 0  
is used  a s  a n  i n v e r t e r  t o  p r o v i d e  t h e  p r o p e r  p h a s e  f o r  G20. If 
t h e  TRANSMIT ENA3LE s i g n a l  is low,  FF2 is  s e t  by T3 t h r o u g h  G4 
and  G 5 .  The ZERO o u t p u t  o f  FF2 e n a b l e s  t h e  s i t e  I D  d a t a  t o  
p a s s  t h r o u g h  e i t h e r  618 o r  G 1 9 .  
syts FF1 f o r  one  T-pu l se  p e r i o d .  
FF2 is reset  a t  T9, w h i c h  a l s o  
I 















t h e  s t a t i o n  s t a t u s  d a t a  t o  p a s s  t h r o u g h  G 1 7 .  T h e d s i g n i f i c a n c e  ~ 
of t h e  s t a t i o n  s t a t u s  b i t  is  g i v e n  i n  T a b l e  6-6. 'The f i r s t  s u b - b i t  
o f  T10 r e p r e s e n t s  t h e  s t a t u s  of T-AH and t h e  s e c o n d  sub-b i t  
r e p r e s e n t s  t h e  complement of T-DRC. The s y n c ,  s i t e  ID d a t a ,  and  
s t a t i o n  s t a t u s  a r e  combined by G 1 0  t o  form a s i n g l e  o u t p u t .  The 
EX/OR, A L ,  is u s e d  a s  a d a t a  s e l e c t i o n  g a t e  t o  a c c e p t  e i t h e r  t h e  . 
o u t p u t  of GLO or e x t e r n a l . d a t a ,  s u c h  a s  a new memory program.  
The a c t u a l .  d a t a  s e l e c t i o n  is d e t e r m i n e d  by t h e  s t a t e  of FF3. If 
FF3 is a ZERO, t h e  o u t p u t  of G 1 0  i s  t r a n s m i t t e d  t o  t h e  v e h i c l e ,  
o t h e r w i s e  e x t e r n a l  d a t a  is ' t r a n s m i t t e d  t o  t h e  v e h i c l e .  Whenever 
t h e  LOAD MEMORY SIGNAL becomes a ONE, FF3 is s e t  by TIOCLSB 
t o  s e l e c t  the  e x t e r n a l  i n p u t  d a t a  and  t o  e n a b l e  D l  t o  s u p p l y  
CLs, t o  t h e  e x t e r n a l  d a t a  source.  
SIGNAL r e m a i n s  a ONE, o n l y  e x t e r n a l  d a t a  a r e  t r a n k m i t t e d  t o  the 
v e h i c l e .  However,  t h i s  o p e r a t i o n  is a l l o w e d  o n l y  when t h e  t r a n s -  
ponde r  s t a t i o n  is i n  s t a t e  T-3. 
I 
A s  l o n g  a s  t h e  LOAD MEMORY 
The S-band d a t a  f o r m a t  is  a l w a y s  g e n e r a t e d  by t h e  E n c o d e r  
Module  a s  l o n g  a s  CLsB is a v a i l a b l e .  
is t r a n s m i t t e d  d e p e n d s  upon t h e  T - s t a t e  o f  t h e  t r a n s p o n d e r  s t a t i o n .  
If t h e  S-BAND I D  ENABLE s i g n a l  is a ONE; i . e . ,  no  s i t e  I D  h a s  
been  r e c o g n i z e d ,  t h e  o u t p u t  o f  A 1  c o n s i s t s  o f  t h e  s y n c  word p a t -  
t e r n  (111000)  and  t h e  s t a t i o n  s t a t u s .  The 6 s i t e  I D  d a t a  s p a c e s  
a r e  f i l l e d  i n  w i t h  uncoded ONES. However, these d a t a  a r e  n e v e r  
t r a n s m i t t e d  t o  t h e  v e h i c l b  due t o  t h e  f a c t  t h a t  t h e  t r a n s p o n d e r  
s t a t i o n  s i t e  ID and f r e q u e n c y  have  n o t  been  d e t e r m i n e d .  When 
t h e  s t a t i o n  c o n t r o l  l o g i c  is  r e a d y  t o  s e n d  t h e  s i t e  I D  d a t a  i n t o  
t h e  c h a n n e l ,  t h e  TRANSMIT ENABLE s i g n a l  becomes a 'ZERO s o  t h a t  
FF2 c a n  be s e t  or rese t  by t h e  p r e s c r i b e d  T - p u l s e s .  A s  t he  s i t e  
I D  d a t a  come f rom t h e  I D  d a t a  r e g i s t e r ,  G 1 8  or G19 e n c o d e s  e a c h  
d a t a  b i t  i n t o  two s u b - b i t s  and i n s e r t s  t hem i n t o  t h e  S-band d a t a  
f o r m a t .  The c o m p l e t e  f o r m a t  is r e p e a t e d l y  t r a n s m i t t e d  t o  t h e  
Whether or n o t  t h i s  format 
v e h i c l e ,  
6-65 
I 
! i '  
I I 
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6 . 4 . 3  T e s t  R e s u l t s  
T h r e e  S t a t i o n  C o n t r o l  L o g i c  S u b s y s t e m s  were b u i l t  and  t e s t e d .  
The t e s t  p r o c e d u r e  and  c o m p l e t e d  t e s t  d a t a  s h e e t s  a r e  i n c l u d e d  i n  
(Documen t  N o .  12-294726) .  
A t es te r  was c o n s t r u c t e d  t o  o p e r a t e  t h e  S t a t i o n  C o n t r o l  L o g i c  on 
t h e  bench .  The t e s t e r  was d e s i g n e d  t o  s i m u l a t e  t h e  VHF d a t a  from 
t h e  v e h i c l e  and  t h e  i n p u t s  f rom t h e  T r a n s p o n d e r  Code C o n t r o l  u n i t .  
The t e s t  p r o c e d u r e  was w r i t t e n  t o  s i m u l a t e  t h e  a c t u a l  a c q u i s i t i o n  
p r o c e d u r e  a s  c l o s e l y  a s  p o s s i b l e .  C a r e  was t a k e n ' , t o  s i m u l a t e  t h e  
v a r i o u s  p o s s i b l e  d rop-ou t  modes and  t o  exerc ise  t h e  S t a t i o n  
C o n t r o l  L o g i c  i n  e v e r y  p o s s i b l e  o p e r a t i n g  mode. 
The S t a t i o n  C o n t r o l  L o g i c  s u b s y s t e m s  were t e s t e d  a t  $ e n v i r o n m e n t a l  
t e ' m p e r a t u r e s  of -25OC, +25OC, and  +85OC and p e r f o r m e d  v e r y  s a t i s -  
f a c t o r i l y  o v e r  t h i s  r a n g e .  A l l  o u t p u t s  were w e l l  w i t h i n  
s p e c i f i c a t i o n s .  The power s u p p l y  and  i n p u t s  were ' v a r i e d  o v e r  t h e  
f u l l  dynamic r a n g e  w i t h o u t  d e g r a d i n g  i n  o p e r a t i o n . '  
N o  d e s i g n  p r o b l e m s  were e n c o u n t e r e d  and no  p a r t i c u l a r  d e s i g n  
improvement  is  n e e d e d .  
6.5 STATION TRACKING RECEIVER (1A2) 
The s t a t i o n  t r a c k i n g  r e c e i v e r  is  c o m p r i s e d  of f i v e  b a s i c  
f u n c t i o n a l  b l o c k s .  They a r e  a s  f o l l o w s :  R e c e i v e r ,  Code C o n t r o l ,  
D o p p l e r  I n v e r t e r ,  T r a n s m i e t e r  S y n t h e s i z e r ,  and  T r i n s m i t t e r  
M u l t i p l i e r / M o d u l a t o r .  Each  f u n c t i o n  is d e s c r i b e d  i n  the  f o l l o w i n g  
p a r a g r a p h s .  A s i m p l e  b l o c k  d i a g r a m  showing  t h e  ' r e l a t i o n s h i p  o f  
these u n i t s  i s  shown i n  F igure  6-26. F o r  a c o m p l e t e  b l o c k  and  
i n t e r q o n n e c t i o n  d i a g r a m  r e f e r e n c e  t o :  
Document N o .  69-22612B - STATION TRACKING RECEIVER 
INTERCONNECTING DIAGRAM. 
The o v e r a l l  f u n c t i o n  of t h e  T r a c k i n g  R e c e i v e r  is t o  a c q u i r e  
and  t r a c k  t h e  d o w n l i n k  s i g n a l  a n d  t o  t r a n s m i t  a n  u p l i n k  s i g n a l  
c o h e r e n t  t o  t h e  r e c e i v e d  s i g n a l  which  p r e s e r v e s  t h e  r a n g e  and  
v e l o c i t y  i n f o r m a t i o n .  I t  a l s o  p r o v i d e s  i n f o r m a t i o n  a s  t o  i t s  
s i t e  I D  and  i t s  s t a t e  of o p e r a t i o n  a t  any  t ime .  The s t a t e s  t h a t  
t h e  r e c e i v e r  a r e  programmed t h r o u g h  a r e  g i v e n  i n  T a b l e  6-7. 






















P c m 
vl 
cp 
1 , ,  ‘A . , 
L I 
6-67 
TABLE 6-7. T r a n s p o n d e r  S t a t i o n  S t a t e s  





T - l b  
L-code p r e s e t  
L-code a c q u i r e d ,  H-sea rch ,  r e v e r s e  D o p p l e r  
R e c e i v e r  i n  TRACK, T r a n s m i t t e r  code  -L code  o n l y ,  
r e v e r s e  D o p p l e r  
R e c e i v e r  i n  TRACK, T r a n s m i t t e r  code  - F u l l  T r a c k  
c o d e ,  t r u e  D o p p l e r  
L-code a c q u i r e d , .  H-sea rch ,  t r u e  D o p p l e r  ( d r o p o u t  
c o n d i t i o n  f rom S t a t e  T-3) 
I n  S t a t e  T-0, t h e  t r a n s p o n d e r  t r a c k i n g  r e c e i v e r  L-code g e n e r a t o r  
is p r e s e t  t o  a t i m e  u n c e r t a i n t y  of a p p r o x i m a t e l y  one f o u r t h  a n  
L-code b i t  by t h e  VHF l i n k .  T h i s  e l i m i n a t e s  t h e  L-code s e a r c h .  
The L-code i s  a c q u i r e d  and t h e  t r a n s p o n d e r  g o e s  t o  S t a t e  T - l a .  
No waveforms a r e  c h a n g e d ,  H-code is a u t o m a t i c a l l y  a c q u i r e d ,  and 
t h e  t r a n s p o n d e r  g o e s  t o  S t a t e  T-2. T r a n s p o n d e r  S t a t e  T-2 and  T-3 
d i f f e r  o n l y  i n  t h e  r e t r a n s m i t t e d  c o d e .  For S t a t e  T-2 o n l y  t h e  
L-code is t r a n s m i t t e d  and f o r  S t a t e  T-3, t h e  f u l l  t r a c k  code  is 
t r a n s m i t t e d .  
I n  t h e  e v e n t  of s i g n a l  l o s s  when t h e  r e c e i v e r  is i n  S t a t e  T-3, 
t h e  r e c e i v e r  r e v e r t s  t o  S t a t e  T - l b  t o  t r y  t o  r e a c q u i r e  t he  s i g n a l .  
S t a t i o n  A c q u i s i t i o n  is s t a r t e d  when t h e  s t a t i o n  f i r s t  r e c e i v e s  
t h e  VHF c o n t r o l  s i g n a l  from t h e  v e h i c l e .  T h i s  s i g n a l  d i r e c t s  t h e  
S-band a n t e n n a ,  ' t h e  VHF c a r r i e r  f r e q u e n c y  p r e s e t s  t h e  S-band 
c a r r i e r ,  and  t h e  VHF m o d u l a t i o n  p r e s e t s  t h e  S-band L-code,  I t  is 
p o s s i b l e  t o  a d e q u a t e l y  d e f i n e  s p a c e ,  f r e q u e n c y ,  and  t i m e  s o  ' t h a t  
when t h e  a n t e n n a  i s  p r o p e r l y  d i r e c t e d ,  t h e  S-band s i g n a l  l i e s  
w i t h i n  t h e  t r a c k i n g  c a r r i e r  l o o p  bandwid th  and  t h e  t i m i n g  is c lose  
enough  t o  d e f i n e  t h e  c o r r e c t  L b i t  o f  t h e  incoming  c o d e ,  Hence ,  
by u s i n g  t h e  VHF s i g n a l ,  t h e  s t a t i o n  a c q u i s i t i o n  is a c h i e v e d  







When a v e h i c l e  r e c e i v e r  c h a n n e l  becomes v a c a n t , '  the  Vehicle 
g. 
Sys tem C o n t r o l  L o g i c  s e l e d t s  a s t a t i o n  and  t r a n s m i t s  t h e  ON 
i n s t r u c t i o n .  N o r m a l l y ,  toe t r a n s p o n d e r  is f u l l y  a c q u i F e d  i n  
t r a n s p o n d e r  S t a t e  T-2 and  i m m e d i a t e l y  r e s p o n d s  w i t h  a n  L-code 
t r a n s m i s s i o n  w i t h  r e v e r s e  D o p p l e r  i n s e r t e d  o n  t h e  , c a r r i e r .  The 
s t ; a t i o n  t r a n s m i t s  t h e  s i t e  i d e n t i f i c a t i o n  o n  t h e  S-band d a t a  l i n k .  
The v e h i c l e  c o n d u c t s  t h e  L-code s e a r c h  and  a c q u i r e s  L-code. A t  
t h i s  time t h e  v e h i c l e  s y s t e m  c o n t r o l  l o g i c  v e r i f i e s  t h e  s t a t i o n  * 
i d e n t i f i c a t i o n  and  t r a n s m i t s  t h e  TRACK i n s t r u c t i o n .  
p o n d e r  sweeps t h e  t r a n s m i t t e r  c a r r i e r  from t h e  r e v e r s e  Doppler  
c o n d i t i o n  t o  t h e  correct  D o p p l e r  f r e q u e n c y ,  The v e h i c l e  c a r r i e r  
VCO fo l lows  t h e  f r e q u e n c y  sweep. A t  t h e  c o m p l e t i o n  of t h i s  sweep,  
t h e  t r a n s p o n d e r  goes from S t a t e  T-2 t o  t he  TRACK mode, S t a t e  T-3, 
and  n o t i f i e s  t h e  v e h i c l e  d f  t h i s  change  o v e r  t h e  S-band d a t a  l i n k .  
f 
I 
The t r a n s -  
When the  Vehicle Sys tem C o n t r o l  Logic d e c i d e s  t o  d r o p  t h e  
s t a t i o n ,  a RETURN TO STANDBY i n s t r u c t i o n  is t r a n s m i t t e d  t o  r e t u r n  
t h e  s t a t i o n  t o  t h e  STANDBY mode. The s t a t i o n  T r a c k i n g  R e c e i v e r  
goes t o  s t a t e  T-0 and  the  t r a n s m i t t e r  is t u r n e d  OFF.  If the  
s t a t i o n  is s t i l l  w i t h i n  r a n g e ,  t h e  r e c e i v e r  w i l l  r e a c q u i r e  and  
progress t o  S t a t e  T-2. A . t i m e r  i n  t h e  T r a n s p o n d e r  S t a t i o n  w i l l  
r e t u r n  t h e  s t a t i o n  t o  t h e  OFF mode a s  s o o n  a s  t h e  S t a t i o n  is o u t  
of t h e  r a n g e  of t h e  VHF s i g n a l .  
The p r e c e d i n g  a c q u i s i t i o n  s e q u e n c e  h a s  assumed norma l  o p e r a t i n g  
c o n d i t i o n s ,  S i n c e  t h e  AROD s y s t e m  is c o m p l e t e l y  a u t o m a t i c ,  some 
p r o v i s i o n  must  be made t o  a l t e r  t h i s  s e q u e n c e  d u r i n g  a d v e r s e  
s i g n a l  c o n d i t i o n s .  The Vehicle  System C o n t r o l  L o g i c  s e l e c t s  a 
t r a n s p o n d e r ,  t r a n s m i t s  t h e  ON i n s t r u c t i o n  and  c h a n n e l  s e l e c t i o n  
t o  t h e  t r a n s p o n d e r ,  The t r a n s p o n d e r  r e s p o n d s  o n l y  i f  t h e  
T r a n s p o n d e r  T r a c k i n g  R e c e i v e r  h a s  a c h i e v e d  L-code l o c k .  I f  t h e  
S t a t i o n  I D  is n o t  v e r i f i e d  i n  t he  Vehic le  w i t h i n  a p p r o x i m a t e l y  
4 s e c o n d s ,  Sys t em C o n t r o l  i n s t r u c t s  t h e  s t a t i o n  t o  RETURN TO 
STANDBY and  s e l ec t s  t h e  n e x t  s t a t i o n  if t h e  s t a t i o n  is t h e  o l d e s t  






ne'west ' s t a t i o n .  Otherwise ,  t h8  s t a t i o n  is c a l l e d  u n t i $  i t  c 
e v e n t u a l l y  becomes t h e  o l d e s t  s t a t i o n ,  
If t h e  p r e c e d i n g  s t e p  is s u c c e s s f u l ,  System C o n t r o l  L o g i c  , 
i n s t r u c t s  t h e  T r a n s p o n d e r  t o  go t o  t h e  TRACK mode. The s t a t i o n  
w i l l  remove REVERSE DOPPLXR and s i g n a l  t h e  Veh ic l e  t h a t  Dopp le r  
r e v e r s e  is c o m p l e t e .  The 'T ransponder  w i l l  t h e n  t r a n s m i t  t h e  f u l l  
t r a c k  code,. I k 
When the  S-band s i g n a l  is f i r s t  r e c e i v e d ,  t he  'L-code l o c k s  and 
Ai, g o e s  t o  a ONE. 
s t a t i o n  c o n t r o l  l o g i c  w i l l  t h e n  a c c e p t  t h e  ON i n s t r u c t i o n .  
The code' c o n t r o l  u n i t  g o e s  t o  S t e p  T - l ( a ) .  The 
After AL goes t o  a ONE, i f  AL g o e s  t o  ZERO f o r ' b 0 . 1  s e c o n d ,  t h e  
cqde c o n t r o l  u n i t  r e t u r n s  t o  S t e p  T-0. 
a r e  t u r n e d  o f f ,  
The S-band t r a q s m i s s i o n s  
When AH g o e s  t o  ONE, t h e  code c o n t r o l  u n i t  g o e s  t o  S t a t e  T-2. 
If AH g o e s  t o  ZERO f o r  b O . 1  s e c o n d ,  the  code  c o n t r o l  u n i t  s t a r t s  
a timer. After  2 . 5  s e c o n d s  t h e  code c o n t r o l  g o e s  t o  s t a t e  T-0 t o  
r e a c q u i r e ,  The S-band t r a n s m i s s i o n s  a r e  t u r n e d  off i n  s t a t e  T-0, 
I n  t h e  ON mode, the  t r a n s p o n d e r  w i l l  a c c e p t  a T R A C K ' i n s t r u c t i o n .  
Upon r e c e i p t  o f  t h e  TRACK i n s t r u c t i o n ,  t h e  S t a t i o n  C o n t r o l  L o g i c  ' 
s i g n a l s  and  the  S t a t i o n  F requency  S y n t h e s i z e r  t o  remove r e v e r s e  
D o p p l e r  and upon c o m p l e t i o n  of  t h i s  i n s t r u c t i o n ,  t h e  S t a t i o n  
F r e q u e n c y  S y n t h e s i z e r  n o t i f i e s  S t a t i o n  C o n t r o l .  $ t a t i o n  C o n t r o l  
t h e n  s i g n a l s  t h e  code  c o n t r o l  u n i t  t o  go t o  S t a t e  T-3. 
1 
a .  
b. 
I 
Xf AH goes t o  ZERO FOR 50.1 s e c o n d ,  the  code  c o n t r o l  u n i t  
goes t o  S t a t e  T - lb .  A f t e r  2 . 5  s e c o n d s  t h e  code  c o n t r o l  
g o e s  t o  S t e p  T-0 t o  r e a c q u i r e .  
Pf t h e  S t a t i o n  is i n s t r u c t e d  t o  go f rom the  TRACK mode t o  
t h e  STANDBY mode, i . e . ,  t h e  v e h i c l e  l o s t  l o c k  and des i res  
t o  r e a c q u i r e ,  t h e  t r a n s p o n d e r  code  c o n t r o l  r e v e r t s  t o  
B t a t e  T-0, REVERSE DOPPLER is  i n s e r t e d  and t h e  a c q u i s i t i o n  
sequence p r o c e e d s  f rom t h a t  p o i n t ,  
I 
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6.5 .1  
The 
I 
S-Band R e c e i v e r  
r e c e i v e r ,  c o n s i s t i n g  of two d i s t i n c t  phase  l o c k e d  l o o p s ,  
RC 
is c o n t a i n e d  i n  If modules :  1A2A1 t h r o u g h  1A2A9, 1A2A21 and 1 A 2 A 2 2 ,  
See  r e f e r e n c e  6 for d e t a i l  d e s i g n  and d e s c r i p t i o n  i n f o r m a t i o n .  
The c a r r i e r  and m o d u l a t i o n  a r e  t r a c k e d  i n  s e p a r a t e '  l o o p s  on a 
t i m e  s h s r e d  b a s i s .  A f u n c t i o n a l  b l o c k  d i ag ram of t h e  r e c e i v e r  
is shown i n  Figure 6-27. The b a s i c  s i g n a l  r e l a t i o n s  may be 
o b s e r v e d  f rom F i g u r e  6-28. 
L e t  m , ( t )  r e p r e s e n t  t h e  t r a n s m i t t e d  s i g n a l  m o d u l a t i o n .  C o n s i d e r  
f o r  s i m p l i c i t y  t h e  c a s e  when t h e  V e h i c l e  T r a c k i n g  R e c e i v e r  is 
r e c e i v i n g  t h e  L code  o n l y .  
Fob s i m p l i c i t y ,  t h i s  a p p e a r s  a s  b a l a n c e d  a m p l i t u d e  m o d u l a t i o n  
which is i d e n t i c a l  t o  b i l e v e l ,  A90 d e g r e e  phase  m o d u l a t i o n ,  
Then m,(t)  is the  t r a n s m i t t e d  L-code. 
Then a t  (1) i n  F i g u r e  6-28 t h e  s i g n a l  i s  m i ( t  + T)rn,(t) s i n  
- Q is  t h e  t r a c k i n g  e r r o r  i n  t h e  r a n g i n g  l o o p .  (a1 t f Q1) .  41 0 
m o ( t  + 7 )  c a n  be r e p r e s e n t e d  by ml( t  -t- 7) F L ( t  + 7 )  where F L ( t )  
is a s q u a r e  wave whose f u n d a m e n t a l  f r e q u e n c y  is  F 
t h e n  m o ( t )  Ml( t )  c l e a r l y  e q u a l s  F L ( t ) .  
t h e n  a s  shown i n  F i g u r e  6-14. 
1 
If T is zero L' 
The . spec t rum a t  (1) is  
F i g u r e  6-29 r e p r e s e n t s  t he  c a s e  when t h e  r a n g e  ' t r a c k i n g  e r r o r  , 
is r e a l  b u t  s m a l l  compared t o  one b i t  l e n g t h .  Not shown, b u t  
p r e s e n t ,  is a s m a l l  amount o f  "wideband n o i s e "  due t o  t h e  
u d c o r r e l a t e d  p a r t s  o f  mo and  m l .  
a p p e a r s .  
r e l a t i v e l y  un i fo rm a c r o s s  t h e  b a n d w i d t h ,  N o t i c e  t h a t  when T = 0 
t h e r e  is  no s i g n a l  a t  f l ,  
compared t o  2TL, b o t h  t he  c a r r i e r  component a t  fl and t h e  e v e n  
ha rmon ics  of t h e  s q u a r e  wave b e g i n  t o  a p e a r .  The magn i tude  of 
. +he phase  of t h i s  t h e  component a t  fl is p r o p o r t i o n a l  t o  
When 171 > 2TL o n l y  t h i s  "no i se"  
I t  h a s  a bandwidth  e q u a l  t o  more t h a n  2FL and is 
When T h a s  some m a g n i t u d e ,  b u t  s m a l l  
ZTT- LJ 
component is zero d e g r e e s  r e l a t i v e  t o  4 when T 
when 7 0 .  
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2 cos (wo t + "0) 
6 
F i g u r e  6-28, S-Band S i g n a l  P r o c e s s o r ,  F u n c t i o n a l  Block Diagram 
. , .i 
4 
b 
. *  
F i g u r e  6-29, Spectrum of S i g n a l  a t  P t .  (1) 
6-73 
A t  (2 )  t h e  s i g n a l  is m o ( t  + T )  m , ( t )  s i n  - w o ) t  + 41 - 9.1. 
T h i s  s i g n a l  a p p e a r s  e x a c t l y  a s  a t  p o i n t  (l), e x c e p t  t h a t  i t  is 
s h i f t e d  down i n  f r e q u e n c y  from f l  t o  f l  - fo .  
1 0 1 0 
the  s i g n  o f  T .  
The phase  o f  t he  
. " c a r r i e r "  component is now 9 - Q o r  9 - 9 + n d e p e n d i n g  upon 
If t h e  bandwidth  of t he  i n t e r m e d i a t e  f r e q u e n c y  is w i d e  compared 
t o  FL, t h e n  t h e  s i g n a l  a t  (3) is e s s e n t i a l l y  i d e n t ' i c a l  t o  t h a t  a t  
(2). 
m o ( t  + T )  m , ( t )  c o s  ( Q i  - q 9 ) .  
If fl - f o  is  e q u a l  t o  f r  t h e n  a t  (4 )  t h e  s i g n a l  is  
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< 2 m o d i f i e d  by t h e  c o s i n e  o f  t h e  c a r r i e r  t r a c k i n g  e r r o r .  
B u t  t h e  e r r o r  i n  t h e  c a r r i e r  l o o p  is c o n s t r a i n e d  t o  b e a s m a l l  a n d ,  
t h e r e f o r e ,  i t  o n l y  h a s  a s econd  o r d e r  e f f e c t  on  the  g a i n - o f  t h e  
r a n g e  t r a c k i n g  l o o p .  T h i s  D-C e r r o r  s i g n a l  is  u s e d  t o  c o n t r o l  t h e  
r a n g e  t r a c k i n g  VCO t o  d r i v e  T t o  z e r o .  Thus t h e  r a n g e  t r a c k i n g  
c o n t r o l  s i g n a l  is  c a r r i e d  by t h e  p r e s e n c e  of a c a r r i e r  component 
a t  f l  a t  p o i n t  (1) and i t  is  s i g n  s e n s ‘ i t i v e  t o  t h e  s igo  of 7. 
zT;T’. The r a n g e  t r a c k i n g  e r r o r  s i g n a l  a t  d c  is p r - o p o r t i o n a l  t o  
TL 
I 
The s i g n a l  a t  (5) is m o ( t  + T )  m,(t) s i n ( q l  - Q0). 
- Q0 = 0 t h e n  there  is  no s i g n a l  a t  (5). For s m a l l  e r r o r ,  
- Q0, t h e  s i g n a l  is  e s s e n t i a l l y  a n  e r r o r ,  E = q 1  - 9,, whose 
magni tude  is  m o ( t  + 7) m , ( t ) .  The b a l a n c e d  demodu la to r  between 
(5) and (6)  m u l t i p l i e s  the s i g n a l  a t  (5) by F L ( t  +. T ) .  
since m o ( t  + 7) = m l ( t  + T)  FL (t f 7) t h e  s i g n a l  a t  ( 6 )  is 
m ( t )  m l ( t  + T )  s i n  E s i n c e  F L ( t  + 7) F L ( t  + T )  = 1 e v e r y w h e r e ,  
For s m a l l  7 ,  m , ( t >  m l ( t  + T )  = 1 s o  t h a t  t he  d-c s i g n a l  is p ropor -  
t i o n a l  t o  s i n  (Q1 - Qo), t h e  t y p i c a l  phase- locked  l o o p  e r r o r  s i g n a l .  
I n  t h i s  c a s e  t h e  c a r r i e r  t r a c k i n g  s i g n a l  i s  c a r r i e d  by t h e  . 
s i d e b a n d s  of t h e  s i g n a l  a t  (1). 
i n t e r c h a n g e d  t h e  normal  ro l e  of  e r r o r  s i g n a l s .  The m o d u l a t i o n  
e r r o r  s i g n a l  is  p r o p o r t i o n a l  t o  the  magni tude  and s i g n  of  t h e  
c a r r i e r  component a t  (1) a.nd t he  c a r r i e r  t r a c k i n g  s i g n a l  is 




T h e r e f o r e ,  
1 
Thus  the  two l o o p s  have 
A l i t t l e  r e f l e c t i o n  w i l l  show t h a t  t h i s  p r o c e s s  l a r g e l y  
removes t r a c k i n g  e r r o r s  c a u s e d  by phase  and a m p l i t u d e  v a r i a t i o n s  
of the  narrowband f i l t e r s ,  t h e  g a i n  c o n t r o l  c i r c u i t s ,  and t h e  
m a j o r i t y  of t h e  r e c e i v e r  a m p l i f i c a t i o n ,  These  a p p e a r  o n l y  a s  
g a i n  v a r i a t i o n s  i n  t h e  c o n t r o l  l o o p s  and  e l i m i n a t e  t h e  l a r g e s t  
c o n t r i b u t o r  o f  t r a c k i n g  e r r o r  which c o n f r o n t s  most r a n g e  
t r a c k i n g  s y s t e m s .  
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F u n c t i o n a l  D e s c r i p t i o n  
The F requency  c o n v e r s i o n  and I-F A m p l i f i c a t i o n  Module 1A2A1 
I c o n t a i n s  t h e  S-Band C o n v e r t e r  X 8  LO m u l t i p l i e r ,  and wideband 
F i r s t  I -F .  
f i g u r e  o f  8 dB and  bandwidth  of +15 MHz. 
d e l i v e r e d  t o  module fA2A5 which c o n t a i n s  t h e  wideband Ba lanced  
Demodulator  and  the  s e c o n d  mixer. The 8 MHz o u t p u t  i s  t h e n  f e d  
t o  1A2A6 which  c o n t a i n s  t h e  8 MHz I-F a n d  l i m i t e r ’ a n d  AGC 
A m p l i f i e r .  The module h a s  a g a i n  r a n g e  o f  +10 t o ’ + 8 0  dB. 
The module h a s  a nomina l  g a i n  of 20 dB,  i n p u t  n o i s e  
The I-F s i g n a l  is 
The 
si!gnal i s - t h e n  a p p l i e d  t o  1 A 2 A 9  which c o n t a i n s  a phase  d e t e c t o r  s 
f d r  c a r r i e r  t r a c k i n g  ( D e t e c t o r  Q) and  t o  a cohe re f i t  a m p l i t u d e  
d e t e c t o r  ( D e t e c t o r  I )  f rom which  t h e  f o l l o w i n g  s i g n a l s  a r e  






2. L-code a c q u i s i t i o n  s e n s i n g  s i g n a l ,  i 
3. 
4 .  Range e r r o r  s i g n a l .  
D u r i n g  s t e p  T-0, L-code p r e s e t ,  a n o n c o h e r e n t  AGC detector is 
H-code a c q u i s i t i o n  s e n s i n g  s i g n a l  AH 
I 
u s e d  t o  s t a b i l i z e  t h e  s i g n a l  l e v e l s  i n t o  the  t h r e s h o l d  d e t e c t o r s .  
T h i s  a c t i o n  a l s o  l i m i t s  t h e  bandwidth  e x p a n s i o n  o€ the  c a r r i e r  I 
l o o p  u n d e r  s t r o n g  s i g n a l  c o n d i t i o n s ,  
3 
‘ !  
1 Orice t h e  L-code i n  t h e  r e c e i v e r  is p r o p e r l y  a l i g n e d ,  t h e  s i g n a l  
t o  t h e  b a l a n c e d  d e t e c t o r s  is  a s i n e  wave b a l a n c e d  modula ted  by a 
s q u a r e  wave whose f u n d a m e n t a l  f r e q u e n c y  is  F T h e r e f o r e ,  t h e  i L’ i 
o u t p u t  of t h e  b a l a n c e d  d e t e c t o r  I is a s q u a r e  wave whose i 
a m p l i t u d e  is p r o p o r t i o n a l  t o  t h e  c o s i n e  o f  t h e  c a r r i e r  e r r o r .  
T h i s  s i g n a l  is  demodula ted  by a b a l a n c e d  m o d u l a t o r  which is 
r e p r e s e n t e d  by t h e  g a t i n g  s i g n a l  Gc. 
now p r e s e n t  a t  t h i s  p o i n t  and the  n o n c o h e r e n t  AGC v o l t a g e  is 





The o u t p u t  of t h e  b a l a n c e d  d e t e c t o r  Q is a l s o  a s q u a r e  wave ,* 
/ 
I whose  f u n d a m e n t a l  f r e q u e n c y  is FL, b u t  t h e  a m p l i t u d e  is  & 
p r o p o r t i o n a l  t o  t h e  s i n e  of t h e  c a r r i e r  e r r o r .  T h i s  s i g n a l  is , 
a m p l i f i e d  i n  a v i d e o  a m p l i f i e r  and  demodu la t ed  by a f u l l  wave , 
d e m o d u l a t o r  w h i c h  is  r e p r e s e n t e d  by t h e  G g a t e s .  The c a r r i e r  
e r r o r  c o n t r o l  s i g n a l  is a D-C s i g n a l  and  p r o p o r t i o n a l  t o  t h e  s i n e  
o f  t h e  c a r r i e r  phase  e r r o r ,  
C 
T h i s  method o f  d e m o d u l a t i o n  f o r  c a r r i e r  c o n t r o l  a l l o w s  t h e  
p h a s e  d e t e c t o r  t o  be A-C c o u p l e d  and  t h e r e f o r e  t h e  s i g n a l  c a n  be 
low l e v e l ,  w e l l  below t h e  no rma l  D-C b i a s  p o i n t  of c o n v e n t i o n a l  
phase  d e t e c t o r s ,  
, 
The r e c o v e r y  of d e m o d u l a t i o n  of t h e  o t h e r  s i g n a l s  is p e r f o r m e d  
i n  t h e  i n -phase  phase  d e t e c t o r  (Phase  D e t e c t o r  I )  and  t h e  
s u b s e q u e n t  d e t e c t o r s .  
The p r e s e n c e  o r  a b s e n c e  of t h e  c o h e r e n t  AGC s i g n a l  i n  S t e p s  
T-0 and  T-1A c o n s t i t u t e s  t h e  L-code a c q u i s i t i o n  s i g n a l ,  A L .  
D e t e c t o r  I o u t p u t  is  a m p l i f i e d  i n  a power v i d e o  a m p l i f i e r  and  
demodu la t ed  f o r  AGC, and  A L ,  i n  a b a l a n c e d  d e m o d u l a t o r  w h i c h  i s  
e x a c t l y  t h e  same a s  t h e  b a l a n c e d  d e m o d u l a t o r  of t h e  c a r r i e r  
c o n t r o l  l o o p .  I n  s t e p s  T-1A and  T-2, AGC and  AL a r e  demodu la t ed  
d u r i n g  t h e  same i n t e r v a l s  a s  t h e  c a r r i e r  c o n t r o l .  The H-code 
a c q u i s i t i o n  s i g n a l ,  A H ,  is  d e r i v e d  i n  t h e  same manner a s  t h e  AGC 
s i g n a l .  However,  i t  is a v a i l a b l e  o n l y  i n  s t e p  T-1A and  s t e p  T-2, 
The a p p e a r a n c e  o f  AH a u t o m a t i c a l l y  switches t h e  r e c e i v e r  s y s t e m  
f rom s t e p  T-LA t o  s t e p  T-2. I n  s t e p  T-1A a r e f e r e n c e  s i g n a l  is 
g e n e r a t e d  w h i c h  c a n  r e s u l t  i n  a p r o p e r  A' d u r i n g  a l l  H-code 
i n t e r v a l s .  
The 
H 
AGC, A L ,  AH a r e  a l l  b a l a n c e d ,  modu la t ed  A-C s i g n a l s  a t  t h e  
Detector I i n p u t .  A-C c o u p l i n g  t o  t h e  b a l a n c e d  d e t e c t o r s  is 
t h e r e f o r e  s a t i s f a c t o r y .  The same i s  t r u e  f o r  c a r r i e r  c o n t r o l ,  
Range e r r o r  c o n t r o l  is  more d i f f i c u l t  and  w a r r a n t s  f u r t h e r  
e x p l a n a t i o n ,  
a p p e a r s  a t  t h e  r a n g e  d e m o d u l a t o r  i n p u t ,  If t h e  L-code is e x a c t l y  
a l i g n e d ,  t h e  : i n p u t  s i g n a l  a p p e a r s  a s  a n  i d e a l i z e d  s q u a r e  wave. 
D u r i n g  s t e p s  T-0 and  T-1A t h e  same PL s q u a r e  wave 
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However,  if the re  is some m i s a l i g n m e n t ,  t h e  s q u a r e  
u n s y m m e t r i c a l .  The r a n g i n g  l o o p  is g a t e d  open  f o r  
wave be come s 
a n  i n t e r v a l '  
e q u a l  t o  T /2 s e c o n d s  a n d  b r a c k e t i n g  t h e  p o s i t i v e  g o i n g  zero 
c ross ings  of t h e  FL s q u a r e  wave. 
s i g n a l  a v e r a g e s  t o  zero .  The r a n g e  e r ro r  c o n t r o l  s i g n a l ,  t h e  
c o r r e l a t e d  p o r t i o n  of the  r e c e i v e d  s i g n a l ,  h a s  a n  a v e r a g e  w h i c h  
is n o n z e r o .  T h i s  a v e r a g e  i s  p o s i t i v e  or n e g a t i v e  d e p e n d i n g  upon 
t h e  l e a d  or l a g  of t h e  r e c e i v e r  r e f e r e n c e  L-code.  
' A-C c o u p l i n g ,  of course ,  c a u s e s  t h e  l o n g  term. a v e r a g e  to  be 
zero i n  a n y  e v e n t .  However,  t h e  a c t i o n  of t h e  g a t e  is t o  a v e r a g e  
t h e  r e s u l t  o n l y  d u r i n g  t h e  p e r i o d  w h e n  t h e  g a t e  is o p e n .  T h i s  is  
e q u a l  t o  t h e  l o n g  term a v e r a g e  o n l y  when there  is no e r r o r .  The 
a v e r a g e  d u r i n g  t h e  g a t e d  i n t e r v a l  d i f f e r s  f r o m  t h e  l o n g  term 
a v e r a g e  a s  a f u n c t i o n  of t h e  t r a c k i n g  e r r o r  and  is s i g n  s e n s i t i v e .  
L 
The u n c o r r e l a t e d  p o r t i o n  of t h e  
I n  s t e p  T-2 t h e  r a n g i n g  is p e r f o r m e d  o n l y  d u r i n g  t h o s e  i n t e r v a l s  
when t h e  r e f e r e n c e  i s  L 43 H 9 FH or t h e  s e c o n d  and t h i r d  q u a r t e r s  
af t h e  e v e n  numbered L-code b i t  f n t e r v a l s .  
s i g n a l  is  t h e  d i f f e r e n c e  be tween t h e  taged  a v e r a g e  a n d  t h e  o v e r - a l l  
a v e r a g e ,  
Loca 1 O s c i l l a t o r  S y n t h e s i s  
Once a g a i n  t h e  c o n t r o l  
The f irst  and  s e c o n d  LO m u l t i p l i c a t i o n  is  a c c o m p l i s h e d  i n  two 
modules,  1A2A2 and 1 A 2 A 3 .  S i n c e  t h e  S-band s i g n a l  may r a n g e  f rom 
2200 t o  2450 MHz, t h e  LO f r e q u e n c i e s  w i l l  c h a n g e .  The p r o p e r  
m u l t i p l i e r  r a t i o s  may be d e t e r m i n e d  f o r  any  f r e q u e n c y  w i t h  t h e  
a i d  of F igure  6-31. For t h e  c a r r i e r  l o o p  t o  be l o c k e d ,  t h e  s i g n a l s  
a t  t h e  p h a s e  de tec tor  m u s t  be the same f r e q u e n c y ,  
i . e . ,  f i n  - 8 LMfv - LNfv -t f r  = f r  
a f t e r  r e a r r a n g i n g  a n d  c a n c e l i n g  terms 
f i n  = 8 LMfv = LNfv 
o r  
f i n  L(8M + N) = -f 




















* "  i
I 
Now fv is f i x e d  a t  12.8 MHz and  fin is c o n s t r a i n e d  i n  t h e  
s e l ec t ab le  i n  400 kHz i n c r e m e n t s ,  k = 1, 2 ,  .---625. 
f o l l o w i n g  manner:  f i n  = (2200 + 0.4 k) MHz, t h a t  is, f i n  is 
Then:  
22000 + 4k = 171 + 7/8 + k/32 L(8M + N) = 12 8 
28 + k L(8M + N )  = 171 + 32 
We w i l l  c o n s t r a i n  L t o  be 1 or 3/2. * I  
1 ,  
For a s i g n a l  of 2214 MHz , 
14 
0 . 4  k = - = 3 5  
31 L(8M + N) = 171 + - 63 = 172 + E 32 
R e a r r a n g e  numbers  : 






32 32 . 
= 8 X 21  + 4 + - =  8 x 2 1  + -
. 3  L e t  L = 6 
I 
3 L(8M + N) = z (8 x 14),+ 2 
L(8M + N )  = 
Then > b  
i 
f 
L = 3 / 2 .  
M = 14 
N = 3-5/16 
and t h e  s y n t h e s i s  is  c o m p l e t e .  
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1 
I B i a s  C o n v e r t e r  
The B i a s  C o n v e r t e r / F i l t e r  (1A2A21) is added  i n t o  t h e  2nd  LO 
C h a i n  t o  s u b t r a c t  e r ro r s  a s s o c i a t e d  w i t h  t h e  p h a s e  d e t e c t o r  
reference s i g n a l .  The b i a s  c o n v e r t e r  a l s o  c o n t a i n s  a g a t e  which 
o p e n s  the  LO C h a i n  and  c o r r e s p o n d i n g l y  t h e  s i g n a l  p a t h  d u r i n g  
c e r t a i n  p e r i o d s  i n  t he  t r a c k  mode. 
F r e q u e n c y  Preset  and  A c q u i s i t i o n  U n i t  I 
t 
I n i t i a l  A c q u i s i t i o n  of t h e  c a r r i e r  is a i d e d  by t h e  f r e q u e n c y  
p r e s e t  module .  The c a r r i e r  l o o p  VCO is  compared w i t h  t h e  VHF 
D o p p l e r .  The p r e s e t  d e v e l o p s  a D-C e r ro r  v o l t a g e  wh ich  is u s e d  
t o  p rese t  t h e  T r a c k i n g  R e c e i v e r  VCO t h u s  v i r t u a l l y  e l i m i n a t i n g  
f r e q u e n c y  s e a r c h .  An a d d i t i o n a l  o u t p u t  from t h e  Prese t  module ,  
t h e  a c t u a l  f r e q u e n c y  d i f f e r e n c e  of t h e  two V C O ' s ,  is f e d  t o  module 
1A2A22 ( A c q u i s i t i o n  U n i t ) .  




Because  o f  t h e  m u l t i p l i c i t y  o f  L-code s i d e b a n d s ,  t h e  t r a c k i n g  
I 
r r e c e i v e r  c o u l d  e a s i l y  lock t o  any  one  of s e v e r a l  s u c h  s i d e b a n d s  
a s  t h e  VCO is  swep t  by t h e  p r e s e t  t o  i t s  p r o p e r  f r e q u e n c y .  The 
A c q u i s i t i o n  U n i t  a c t s  a s  a n  a n t i s i d e b a n d  l o c k  d e v i c e .  I t  compares  
t h e  r e c e i v e d  D o p p l e r  d i f f e r e n c e  f r e q u e n c y  w i t h  a f i x e d  6 Hz s i g n a l ,  
I f  t h e  D o p p l e r  d i f f e r e n c e  is l e s s  t h a n  the  r e f e r e n c e ,  the 
i 
3 t 
t r e c e i v e r  is a l l o w e d  t o  l ock .  If t h e  d i f f e r e n c e  is g r e a t e r ,  t he  
b i a s  c o n v e r t e r  g a t e  is p u l s e d  t o  open  t h e  l o o p  i n s t a n t a n e o u s l y  
and  r e l e a s e  t h e  s i d e b a n d  l o c k .  I n  t h i s  manner  t h e  r e c e i v e r  s t e p s  
a l o n g  u n t i l  t h e  c a r r i e r  i s  c a p t u r e d .  When t h e  r e c e i v e r  a c h i e v e s  
s t a t e  T-2 or T-3 t h e  A c q u i s i t i o n  U n i t  is i n h i b i t e d .  T h i s  is done 
t o  i n s u r e  t h a t  D o p p l e r  d i f f e r e n c e s  be tween t h e  two r e c e i v e r s  w i l l  
be i g n o r e d  i n  t h e  e v e n t  t h a t  the  c o n t r o l  r e c e i v e r  loses  l o c k  w h i l e  
t h e  T r a c k i n g  Rece ive ' r  is i n  t h e  f u l l  T r a c k  mode. 
The A c q u i s i t i o n  U n i t  p e r f o r m s  one o t h e r  f u n c t i o n .  Upon a c q u i -  
s i t i o n  o f  L-code t h e  receiver  is  f r o z e n  i n  T-1A f o r  a p p r o x i m a t e l y  
2.5 s e c o n d s  t o  a l l o w  damping of t r a n s i e n t s  i n  t h e  r a n g e  l o o p ,  





R a t e  Aid 
R a t e  Aid  is i n c o r p o r a t e d  i n  t h e  r e c e i v e r  t o  f r ee  the r a n g i n g  
l o o p  f rom the  t r a c k i n g  D o p p l e r  o f f s e t s .  
i m p l e m e n t a t i o n .  
F i g u r e  6-3s shows t h i s  
f r  -=  Range l o o p  VCO f r e q u e n c y  (16 MHz) 
= Range l o o p  e r ro r  
= R e f e r e n c e  f r e q u e n c y  (16 MHz) 
f O  I 
f C  
f D  
9 f = R e f e r e n c e  f r e q u e n c y  d r i f t  1 x loo7 p a r t y m o n t h  o e  
= C a r r i e r  loop  VCO f r e q u e n c y  
= Doppler  s h i f t  from f c  
The r e s u l t a n t  r a t e ,  a i d  is 100 p e r c e n t  w i t h i n  1 x lom7 p a r t s /  
month wh ich  is t h e  s t a b i l i t y  of t h e  s t a t i o n  c lock .  
T e s t  /Opera t e  Swi tch  
A s w i t c h  on t h e  r e a r  p a n e l  of t h e  T r a c k i n g  R e c e i v e r  Drawer is 
u s e d  t o  i n t e r r u p t  t h e  T-0 s i g n a l  f rom t h e  code c o n t r o l  l o g i c  t o  t h e  
s t a t i o n  c o n t r o l  l o g i c  d u r i n g  t e s t i n g .  I n  no rma l  o p e r a t i o n  t h e  
T-0 s i g n a l  is  used  t o  i n h i b i t  any  decoded  ON i n s t r u c t i o n s  t h a t  
t h e  c o n t r o l  l o g i c  r e c e i v e s ,  T h e r e f o r e  t h e  t r a c k i n g  r e c e i v e r  c a n n o t  
t r a n s m i t  w h i l e  i t  is i n  T-0. 
I n  t h e  t e s t  mode the  l i n e  is opened  and  t h e  c o n t r o l  log ic  s i d e  
is  g r o u n d e d .  T h i s  a l l o w s  ON i n s t r u c t i o n s  t o  be r e l a y e d  t o  t h e  
T r a c k i n g  R e c e i v e r ,  
T h i s  is n e c e s s a r y  s i n c e  the  T r a c k i n g  T r a n s m i t t e r  is t r a n s l a t e d  
i n  f r e q u e n c y  and  u s e d  a s  t h e  i n p u t  s i g n a l  t o  t h e  t r a c k i n g  r e c e i v e r .  
S i n c e  t h e  r e c e i v e r  c a n n o t  move from T-0 u n t i l  i t  r e c e i v e s  a 
s i g n a l  t o  which i t  c a n  l o c k ,  and  t h e  t r a n s m i t t e r  c a n n o t  be t u r n e d  
on u n t i l  t h e  r e c e i v e r  is  l o c k e d ,  t h e  S t a t i o n  C o n t r o l  L o g i c  i n h i b i t  




f + fc + fD oe 
+ *oe 
Figure  6-32A. Rate Aid Loop 
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6 . 5 . 2  
The 
Code C o n t r o l  
Code C o n t r o l  g e n e r a t e s  two PN c o d e s ;  one code  is u s e d  t o  
demodu la t e  t h e  r a n g i n g  c o d e  r e c e i v e d  from the a i r b o r n e  s t a t i o n s ,  
t h e  o t h e r  is  t h e  r a n g i n g  code  t h a t  is  t r a n s m i t t e d  t o  ' the  a i r b o r n e  
s t a t i o n .  I t  a l s o  s u p p l i e s  a c c u r a t e  t i m i n g  and  s t a t e  s i g n a l s  t o  
o t h e r  s u b s y s t e m s .  
I n  o r d e r  t o  a c h i e v e  t h e  h i g h  p h a s e  s t a b i l i t y  r e q u i r e d  f o r  t h e  
two P N  c o d e s  and  t i m i n g  s i g n a l s ,  i t  was n e c e s s a r y  t o  use a maximum 
clock f r e q u e n c y  o f  12 .8  MHz. S p e c i a l  h y b r i d  h i g h  s p e b d  f l i p - f l o p  
o u t p u t  c i r c u i t s  were u s e d  t o  min imize  p h a s e  s h i f t  and  i n s u r e  f a s t  
r ise  and f a l l  t imes f o r  t h e  P N  c o d e s .  
S i n c e  t h e  f o r m s  of t h e  d e m o d u l a t i o n  s i g n a l s  and  t r a n s m i t t e d  
code  s i g n a l s  depend o n  the r e l a t i v e  p h a s e  (o r  d e g r e e  of c o r r e l a t i o n )  
be tween the r e c e i v e d  code and  t h e  l o c a l  r e f e r e n c e ,  a programmer is  
r e q u i r e d  whose s t a t e  w i l l  depend on  t h e  r e l a t i v e  p h a s e  o f  t hese  t w o  
s i g n a l s .  I t  m u s t  be p o s s i b l e  t o  a c q u i r e  t h e  r e c e i v e d  code r a p i d l y ,  
and t o  i n c l u d e  d a t a  b i t s  i n  t h e  t r a n s m i t t e d  code. I n  a d d i t i o n ,  t h e  
v a r i a t i o n  i n  phase  d i f f e r e n c e  be tween r e c e i v e d  and t r a n s m i t t e d  
r a n g i n g  m o d u l a t i o n  m u s t  be k e p t  v e r y  s m a l l . .  
The h i g h  speed  component ,  t h e  H-sequence,  h a s  a b i t  r a t e  of 6 . 4  
MHz and a p e r i o d  of  511. The lowspeed component ,  t he  L- sequence ,  
h a s  a b i t  r a t e  o f  6 .4/1022 MHz and a p e r i o d  o f  127. Both s e q u e n c e  
g e n e r a t o r s  a r e  c a p a b l e  of b e i n g  p r e s e t  by a n  e x t e r n a l  s i g n a l ,  
G a t i n g  s i g n a l s  f o r  u s e  by t h e  r e c e i v e r  a r e  g e n e r a t e d  by t i m i n g  
s i g n a l s  d e r i v e d  f rom t h e  two s e q u e n c e  g e n e r a t o r s .  The t r a n s m i t t e r  
c o d e  i n c l u d e s  p r o v i s i o n  f o r  combin ing  a d a t a  b i t  s t r e a m  w i t h  t he  
coded  m o d u l a t i o n .  The a c q u i s i t i o n  p r o c e d u r e  and  fo rm of the  
t r a n s m i t t e r  and  r e c e i v e r  c o d e s  and  g a t i n g  s i g n a l s  a r e  d e p e n d e n t  
upon which s t a t e  o f  t h e  a c q u i s i t i o n  p r o c e d u r e  is  i n  p r o c e s s .  The . 
s t a t e s  a r e  d e n o t e d  by T-0,  T-lA, T-2 ,  T-3 ,  and T-1B. T h i s  program 
sequence is shown i n  f i g u r e  6-32B,while  t h e  f o r m s  of these s i g n a l s  
a r e  g i v e n  i n  T a b l e 6 - 8 .  A l l  t i m i n g  s i g n a l s  a r e  d e r i v e d  f rom t h e  
12.8 MHz i n p u t  f r e q u e n c y ,  whose a n a l o g  f o r m  is d e n o t e d  by T-2fH 
and  whose d i g i t a l  form is d e n o t e d  by T-2FH. 
I 
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TABLE 6-8.  L o g i c  E q u a t i o n s  
G I  = (T-O + T-1A + T-1B) + (FL 
= (T-0 + T-1A + T-1B) (FL 9 FLI2) (P-GR) + (T-2 i- T-3) 
FL12) 
GR 
(FL §3 FL/2) L2N 
GH1 = (L2N + 
GH2 = (L2N + + T-O + T-1A + T-1B) FLFL12 , 





= (T-0 + T-1A + T-1B) FLFL12 + (T-2 + T-3) LBN + F F' L/2 
= (T-0 + T-1A + T-1B) FLFLl2 + (T-2 ' '-3) L2N + 1 F F  L ~ / 2  
1 where: N = 0 ,  1, 2 ,  . . , . ,  58 
i 
1 
and  c o n v e n t i o n s  w i l l  be s t a t e d .  1 
B e f o r e  d i s c u s s i n g  t h e  l o g i c  d e s i g n  i n  d e t a i l ,  some d e f i n i t i o n s  
1. B u f f e r  e lements  pe r fo rm NOR l o g i c  s o  t h a t  a n  e n a b l e  s i g n a l  
i n p u t  t o  a b u f f e r  , e l e m e n t  is  c o n s i d e r e d  t o  e n a b l e  the 
e l e m e n t  when t h e  s i g n a l  is a t  a "ze ro"  l e v e l .  
' !  
a r e  t h e  o u t p u t s  of  t h e  i - t h  s t a g e  o f  t h e  N- j 2 .  %-i and L 
H-sequence g e n e r a t o r  and the  j - t h  s t a g e  o f  the  L-sequence 1 
g e n e r a t o r ,  r e s p e c t i v e  ly , 5 
i 
3. The b i t s  of t h e  H- and L-sequences  a r e  d e f i n e d  by t h e  
f o l l o w i n g  r e c u r s i o n  fo rmula  and i n i t i a l  c o n d i t i o n s ,  
k = 10, 11, 12, ..,., 511 Hk-9 'B Hk-4 a .  Hk = 
H1 = H2 - H3 = H4 = H5 = H 6 = H 7 = H g = 0  







5-4-9' H k + l  
Note t h a t  when Hk a p p e a r s  a s  the o u t p u t  of 
r e s p e c t i v e l y ;  and  s i m i l a r l y ,  when Lm a p p e a r s  a s  t h e  
o u t p u t  of LNm7, L m + l  
L t h r o u g h  LN-17 r e s p e c t i v e l y .  The n o t a t i o n ,  
and  Lm, w i l l  be u s e d  i n t e r c h a n g e a b l y  t o  d e n o t e  t h e  k - th  
or m-th b i t  of t h e  H or L s e q u e n c e ,  r e s p e c t i v e l y ,  or 
t o  d e n o t e  s i g n a l s  wh ich  a r e  "one" when Hk or Lm a p p e a r  
Thus  L127 might  r e f e r  t o  t he  1 2 7 t h  b i t  of t h e  L 
s e q u e n c e ,  or t o  a s i g n a l  which  i s  a "one" o n l y  when 
through Hk+8 a r e  t he  o u t p u t  of HN-8 t h r o u g h  H N - 1 9  
t h r o u g h  Lm+6 a r e  the  o u t p u t s  of 
Hk N-6 I 
and "zero"  a t  a l l  o t h e r  times. a s  o u t p u t s o f  HN - O r  LN-7 
is  t h e  o u t p u t  of t h e  l a s t  s t age  of t h e  L s e q u e n c e  L127 
g e n e r a t o r .  T h i s  usage  s h o u l d  c a u s e  no  c o n f u s i o n  s i n c e  
t he  c o n t e x t  i n  wh ich  t h e n o t a t i o n  is  used  w i l l  c l e a r l y  
i n d i c a t e  whether t h e  b i t  or t h e  s i g n a l  is r e f e r r e d  t o .  
Code C o n t r o l  L o g i c  Diagrams 
Module 
Code C l o c k  G e n e r a t o r  
GR Gates 
H-Sequence Genera  t o r  
L-Sequence G e n e r a t o r  
S-Band D a t a  E n c o d e r  
Code Prese t  
I n p u t  C o n t r o l  
Programmer and  DO t imer  
R/A Timer  
B u f f e r  Module 
G a t e  G e n e r a t o r  
T r a n s m i t t e r  Code Combiner 
R e c e i v e r  Code Combiner  
L o g i c  Diagram 
69 -2 3 408G 
69-26252G 
69 -2 3409G 
69 -234 1 0 G  
69 -2341 1 G  
69-26232G 
69-233846 
69 -2 4 4 6 1 G  
69 -2 4 4 65G 
69-233890 
69 -2337213 
69 -2 337 6G 
69 -233 68G 
6-87 
C l o c k  S i g n a l  G e n e r a t i o n  
A l l  f u n d a m e n t a l  c l o c k  and  t i m i n g  s i g n a l s  a r e  g e n e r a t e d  by u s i n g  
t h r e e  modu les  c o n s i s t i n g  of t h e  Code C l o c k  G e n e r a t o r ,  t h e  GR Gates ,  
and  t h e  H-Sequence G e n e r a t o r .  
b u f f e r e d  t o  f o r m  t h e  s i g n a l  2FH. 
by two a n d  b u f f e r e d  t o  form HCL E n a b l e .  2FH is i n v e r t e d  by a 
b u f f e r  e l e m e n t  t o  form 2FH and is combined w i t h  BCL E n a b l e  t o  
form t h e  6 . 4  MHz c l o c k  s i g n a l  d e n o t e d  by HCL. 
combined w i t h  t h e  LCL E n a b l e  t o  form t h e  6 .4 /1022 MHz c l o c k  s i g n a l  
d e n o t e d  by LCL. By f o r m i n g  c l o c k  s i g n a l s  i n  t h i s  manner ,  t h e  o n l y  
t i m i n g  v a r i a t i o n s  (or c l o c k  skew) w i l l  be t h e  d i f f e r e n t i a l  
p r o p a g a t i o n  d e l a y  t h r o u g h  d i f f e r e n t  b u f f e r  e l e m e n t s .  A 6 . 4  MHz 
s q u a r e  wave is  r e c l o c k e d  by 2F t o  form t h e  F s i g n a l .  
The i n p u t  s i g n a l  2fH is s h a p e d  and  - 
T h i s  s i g n a l  is  f u r t h e r  d i v i d e d  - 
- 
2FH is a l s o  
H H 
The f o l l o w i n g  l ist  i d e n t i f i e s  t h e  s i g n a l s  of i n t e r e s t  on t h i s  
d r a w i n g .  














I t  s h o u l d  be remembered t h a t  o n l y  e v e r y  o t h e r  H511 p u l s e  w i  11 
g e n e r a t e  a n  LCL E n a b l e  i n t e r v a l .  
The H-Sequence G e n e r a t o r  module c o n t a i n s  a s t a n d a r d  l i n e a r  
s h i f t  r e g i s t e r  g e n e r a t o r  o f  n i n e  s t a g e s  a n d  th ree  word d e t e c t o r s ,  
The t h r e e  word d e t e c t o r s  a r e  c o n n e c t e d  so  t h a t  one has  a ''one" 
o u t p u t  d u r i n g  code b i t  H225j one h a s  a "one" o u t p u t  d u r i n g  code  
b i t  H510, and one h a s  a "one" o u t p u t  a n y t i m e  t h e  f i r s t  e i g h t  
6-88 
s t ages  c o n t a i n  "zero". T h i s  l a t t e r  word de tec tor  is u s e d  t o  
i n s u r e  t h a t  t he  g e n e r a t o r  w i l l  n o t  lock  up i n  t h e  "all-zero** 
c o n d i t i o n ,  H510 
t o  g e n e r a t e  F L ,  FL12' FL @ FL12, and LCL E n a b l e  a s  d e s c r i b e d  
be low.  
t h e  p h a s e  of t h e  s e q u e n c e .  T h i s  p r o v i s i o n  is  t h e  H-Shif t  i n p u t .  
T h i s  s i g n a l  l i n e  is n o r m a l l y  h e l d  a t  a "zero" l e v e l ,  and  when t h e  
a r e  u s e d  by t h e  Code C l o c k  G e n e r a t o r  and  H255 
T h i s  s e q u e n c e  g e n e r a t o r  i n c l u d e s  p r o v i s i o n  f o r  c h a n g i n g  
s i g n a l  is r a i s e d  t o  a "one", a "zero" w i l l  be s h i f t e d  i n t o  t h e  
s e c o n d  s t a g e .  I f  t h i s  s i g n a l  i s  made a "one" f o r  one  c y c l e  of 
HCL f o l l o w i n g  H510, t h e  s e q u e n c e  g e n e r a t o r  w i l l  c o n t a i n  t h e  
f o l l o w i n g  s e q u e n c e ,  
H510 0 0 0 0 0 0 0 0 0 1 
1 1 0 0 0 0 0 '511 0 0 0 
0 0 
1 
0 0 0 0 0 0 0 HO 0 
0 0 0 0 0 0 0 
0 H1 0 1 0 0 0 0 0 0 0 
I t  is s e e n  t h a t  two a d d i t i o n a l  s t a t e s  have  been  added  t o  t h e  
s e q u e n c e  i n  t h a t  Ho h a s  been  forced i n t o  t h e  r e g i s t e r  and  HIjll 
h a s  been  r e p e a t e d .  Hence H1 a p p e a r s  2 b i t  t imes  l a t e r  and the  
s e q u e n c e  h a s  b e e n  d e l a y e d  by 2 b i t s .  S i n c e  t h e  s e q u e n c e  l e n g t h  
is  o d d ,  any  d e l a y  from 1 t o  510 b i t s ,  i n c l u s i v e ,  may be a c c o m p l i s h e d .  i 
and H255* a r e  re t imed by HCL i n  t h e  Code C l o c k  G e n e r a t o r  H510 
r e s p e c t i v e l y .  The "one" t o  "ze ro"  t r a n s i -  and  H256 t o  become Hgll 
t i o n  of FL w i l l  c o i n c i d e  w i t h  t h e  "one" t o  "ze ro"  t r a n s i t i o n  of 
H511, and t h e  llzero'l t o  "one" t r a n s i t i o n  of FL w i l l  c o i n c i d e  w i t h  
*Note t h a t  these s i g n a l s  a r e  d e f i n e d  t o  be a "oneq1 when HSl0 
and  H255, r e s p e c t i v e l y ,  a p p e a r  a s  o u t p u t s  o f  s t a g e  HN-9, 
and  ' lzerolt o t h e r w i s e ,  
6-89 
1 a 
t h e  l lonel* t o  "zero" t r a n s i t i o n  o f  H256. 
c o i n c i d e  w i t h  t h e  "one" t o  "zero" t r a n s i t i o n s  of H511, w h i l e  
t r a n s i t i o n s  of FL 3 F 
t r a n s i t i o n s  of H256. 
T r a n s i t i o n s  of FLI2 w i l l  
w i l l  c o i n c i d e  w i t h  the "one" t o  L/2 I 
Note t h a t  H2568 Hgll, FL' FL/2' and  F,., 3 
a p p e a r  a t  t h e  o u t p u t  t e r m i n a l s  o f  r e g i s t e r  e l e m e n t s  which FL/2 
and  FH a r e  combined a r e  a l l  c l o c k e d  by t h e  same HCL. 
t o  fo rm LCL E n a b l e  i n  a manner  which  w i l l  a l l o w  LCL t o  be c o i n c i -  
d e n t  w i t h  t h e  HCL p u l s e  wh ich  c a u s e d  FL,2 t o  make a "one" t o  "zero'* 
t r a n s i t i o n s .  
L-Sequence Genera  t o r  
H511, FL/2' 
I The module c o n s i s t s  of a 7 - s t a g e  s h i f t  r e g i s t e r  g e n e r a t o r  w i t h  
s y n c h r o n o u s  p r e s e t  c a p a b i l i t y ,  three word d e t e c t o r s ,  and  a re -  
t i m i n g  c i r c u i t .  One word d e t e c t o r  is t o  p r e v e n t  lock up i n  t h e  
" a l l - z e r o "  s t a t e  and  d e t e c t s  " z e r o e s "  i n  t h e  f i r s t  s i x  s t a g e s  of 
t h e  r e g i s t e r .  &other  word d e t e c t o r  is c o n n e c t e d  t o  d e t e c t  
"zeroes" i n  t h e  f i r s t  s i x  s t a g e s  and  t 'onel l  i n  t h e  l a s t  s t a g e .  
T h i s  s t a g e  o f  t h e  g e n e r a t o r  o c c u r s  d u r i n g  b i t  t i m e  LlZ6. The 
s i g n a l  from t h i s  d e t e c t o r  is retimed and  becomes t h e  LlZ7 s i g n a l ,  
The r e m a i n i n g  word de tec tor  i s  s e t  t o  d e t e c t  "ones"  i n  t h e  f i r s t  
s i x  s t a g e s  and  "ze ro"  i n  the  l a s t  s t a g e  which o c c u r s  a t  b i t  t i m e  
Ll19. When t h e  L-Search  s i g n a l  is "ze ro" ,  t h i s  Ll19 s i g n a l  w i l l  
f o r c e  t h e  n e x t  s t a t e  of t h e  r e g i s t e r  t o  be L121 i n s t e a d  o f  Llz0 
by c a u s i n g  a "ze ro"  t o  be s e t  i n  the f i r s t  s t a g e  i n s t e a d  of a 
''one". T h u s ,  t h e  p h a s e  of t h e  L-sequence w i l l  change  a t  a r a t e  
I 
* I  
1 
of one L s e q u e n c e  b i t  p e r  L-sequence  p e r i o d  when t h e  L-Search  
s i g n a l  is a t  a "zero" l e v e l ,  When t h i s  s i g n a l  is  a t  a "one" 
l e v e l ,  t h e  L-sequence p h a s e  s h i f t i n g  c i r c u i t s  a r e  i n h i b i t e d ,  3 
" 3  
The s y n c h r o n o u s  p r e s e t  c a p a b i l i t i e s  a r e  u t i l i z e d  when t h e  EM 
f L SYNC s i g n a l  g o e s  t o  "one" o r  when b o t h  t h i s  s i g n a l  and  t h e  
L SYNC s i g n a l  g o e s  t o  "one". When both  s i g n a l s  a r e  h e l d  a t  a 
l e v e l ,  t h e  7 b i t  word 1000000 is c o n t i n u o u s l y  s e t  i n t o  
t he  f i r s t  t h r o u g h  t h e  s e v e n t h  s t a g e s  by LCL u n t i l  b o t h  s i g n a l s  
i 
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go  t o  a ''zero" l e v e l .  T h i s  c o n d i t i o n  s e t s  the  L-sequence g e n e r a -  
t o r ,  such t h a t  t h e  f i r s t  f u l l  L-sequence b i t  a f t e r  t h e  EM + L 
SYNC and L SYNC s i g n a l s  g o  t o  a "zero" ,  is 0100000 which is t h e  
L1 b i t  t i m e .  I n  a s i m i l a r  manner ,  making o n l y  t he  EM + L SYNC 
s i g n a l  a "one" w i l l  c a u s e  t h e  s t a t e  1010110 t o  be s e t  i n t o  t h e  
r e g i s t e r ,  The f i r s t  f u l l  L-sequence b i t  a f t e r  t he  EM + L SYNC 
s i g n a l  g o e s  t o  "ze ro"  w i l l  t h e n  be lf01011 w h i c h  is t h e  L75 b i t  
t i m e .  
S-Band Data  Encoder  
T h i s  module c o n t a i n s  a n  L-Sequence G e n e r a t o r  r d  d e t e c t o r  
f o r  d e t e c t i n g  L58, t h ree  r e t i m i n g  c i r c u i t s ,  and a f o u r  s t a g e  
p r e s e t t a b l e  c o u n t e r  w i t h  l o g i c  f o r  g e n e r a t i n g  t h e  b i t  s equence  
L16N+1' L16N+99 and L 8 k + l  . . . . ,  15) and t h e  b i t  s t r e a m ,  D ' .  
( f o r  N = 0 ,  1, . . . . ,  7 and k = 0 ,  1 
The word d e t e c t o r  is c o n n e c t e d  t o  the  L-Sequence g e n e r a t o r  
module t o  d e t e c t  t h e  b i t  p a t t e r n  0011100 which  o c c u r s  d u r i n g  b i t  
t i m e  L5*. 
s i g n a l  c a l l e d  LS9. 
T h i s  d e t e c t o r  o u t p u t  i s  re t imed by LCL t o  y i e l d  t h e  
The f o u r  s t a g e  c o u n t e r  i s  p r e s e t  by L127 and s y n c h r o n o u s l y  
d i v i d e s  t h e  LCL r a t e  by 16 so  t h a t  the  L-Sequence p e r i o d  is 
d i v i d e d  i n t o  7 i n t e r v a l s  of 1 6  L-Sequence b i t  t imes e a c h  and 
one i n t e r v a l  o'f 15 L-Sequence b i t  t imes .  
The t h ree  word d e t e c t o r s  a t t a c h e d  t o  the c o u n t e r  form t h e  
t h r e e  r e q u i r e d  b i t  s e q u e n c e s .  
by LCL t o  form t h e  b i t  s equence  I '8k+2. 
and  L16N+9 
t h e  f o l l o w i n g  e q u a t i o n  t o  form t h e  s t e e r i n g  s i g n a l ,  S - D ' .  
The b i t  s equence  L8k+l is  r e t i m e d  
The b i t  s equence  L16N+1 
a r e  combined w i t h  t h e  Da ta  i n p u t  s i g n a l  a c c o r d i n g  t o  
T h i s  s i g n a l  is t h e n  r e t i m e d  by LCL t o  form t h e  D '  s i g n a l .  
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GR G a t e s  
I n  a d d i t i o n  t o  b u f f e r i n g  t h r e e  t i m i n g  s i g n a l s ,  t h i s  module is 
r e q u i r e d  t o  form the i n t e r v a l  be tween H385 and H151 f o r  u s e  i n  
d e r i v i n g  t h e  GR g a t i n g  s i g n a l .  The b i t  p a t t e r n  0110 - 0000 i n  
s t a g e s  HN-l t h r o u g h  %-+, r e s p e c t i v e l y ,  is  d e t e c t e d  and r e t i m e d  
000. T h i s  is  t h e  p a t t e r n  a t  b i t  t o  become t h e  p a t t e r n  00110 
d e p e n d i n g  on t h e  o u t p u t  o f  %-6. T h i s  p a t t e r n  t imes HlS1 
is t h e n  combined w i t h  )IN-,. s o  t h a t  t h e  o u t p u t  f l i p - f l o p  is s e t  
t o  "one" i f  %-,. is  "zero"  and is s e t  t o  "ze ro"  i f  HN-,. is "one '' 
The f l i p - f l o p  is  c l o c k e d  by HCL s o  t h a t  i t s  o u t p u t ,  P-GR, w i l l  
become a "one" a t  t h e  l e a d i n g  edge o f  H385 and a "ze ro"  a t  t h e  
t r a i l i n g  edge  o f  H151. 
Code Preset 
c 
O r  H384 
I n  t h i s  module ,  t he  R/A-D and *= s i g n a l s  a r e  b u f f e r e d  f o r  I 
1 
u s e  by t h e  receiver c i r c u i t s ,  and FL @ FLI2 is  b u f f e r e d  for sub-  
s y s t e m  u s e .  I n  a d d i t i o n ,  t h i s  module c o n t a i n s  t h e , c i r c u i t s  
r e q u i r e d  t o  g e n e r a t e  t h e  s i g n a l s  u s e d  i n  p r e s e t t i n g  t h e  H- and 
L-Sequence g e n e r a t o r s .  The e v e n t  marke r  s i g n a l ,  EM, a s  d e r i v e d  
by t h e  VHF d a t a  d e m o d u l a t o r ,  is used  t o  i n i t i a t e  $he g e n e r a t o r  
p r e s e t  s e q u e n c e .  T h i s  s i g n a l  w i l l  e f f e c t  t h e  p r e s e t  f u n c t i o n  ' 
o n l y  i f  t h e  code  c o n t r o l  s u b s y s t e m  is i n  s t a t e  T-0. The H-Sh i f t  
i s  "one" and O f  t h e  first H256 b i t  time which o c c u r s  when F 
EM T-0 is  "one". T h i s  s i g n a l  r e m a i n s  a "one'? f o r  a s  l o n g  a s  
t h e  e v e n t  mnrker s i g n a l  is a "one". When t h e  e v e n t  marke r  s i g n a l  
H-Sequence w i l l  s t a r t  i n  e i t h e r  s t a t e  H 
s t a t e .  Due t o  t h e  f a c t  t h a t  t h e  H p r e s e t  s i g n a l '  began i n  t h e  
l a s t  h a l f  of' a n  L-Sequence b i t ,  t h e  t r a i l i n g  edge  o f ' t h e  EM s ig -  
n a l  will t h e n  d e f i n e  t h e  b e g i n n i n g  o f  an L-Sequence b i t .  The 
p a r t i c u l a r  L-Sequence b i t  is d e f i n e d  by t h e  EM I- L SYNC s i g n a l  
1 
s i g n a l  w i l l  become a "one" i n  synchron i sm w i t h  t h e  t r a i l i n g  edge  i 
L /2 
g o e s  t o  "ze ro" ,  t h e  H-Shi f t  s i g n a l  w i l l  go t o  "ze ro"  and t h e  . /  
J 
or t h e  " a l l - z e r o "  511 
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which  w i l l  be a ''one" f o r  (1022/6.4)10-6 s e c o n d s  a f t e r  t h e  
t r a i l i n g  e d g e  of t h e  EM s i g n a l .  T h u s ,  the  t r a i l i n g  e d g e  of the  
EM s i g n a l  d e f i n e s  w i t h i n  2 H-Sequence b i t s  t he  L73 t o  LT4 b i t  
t r a n s i t i o n  o f  t h e  t r a n s p o n d e r  L-Sequence g e n e r a t o r .  
I n p u t  C o n t r o l  
The p r i m a r y  f u n c t i o n  of t h i s  module is t o  s e r v e  a s  a b u f f e r  - 
L' AH' and  r e t i m i n g  ne twork  f o r  t h e  i n p u t  s i g n a l s  d e n o t e d  a s  A 
DRC, and GoTo T-0. 
A s s o c i a t e d  w i t h  e a c h  i n p u t  s i g n a l  is a two-s t age  s h i f t  
r e g i s t e r  and  d e t e c t o r  g a t e s  s u c h  t h a t  p u l s e s  a r e  formed which  
a r e  one L-Sequence b i t  i n  w i d t h  o c c u r r i n g  i n  s y n c h r o n i s m  w i t h  
t h e  L-Sequence c l o c k  r a t e  a t  "zero" t o  "one" and  'tone1' t o  "zero" 
t r a n s i t i o n s  of e a c h  i n p u t  s i g n a l .  I n p u t  s i g n a l  rH is i n h i b i t e d  
by T-0 t o  become A H I .  T h a t  i s ,  A is  i d e n t i c a l  t o  AH e x c e p t  
t h a t  i t  is a l w a y s  "ze ro"  i n  s t a t e  T-0. S i g n a l  ALI i s  i d e n t i c a l  
t o  AL b u t  d e l a y e d  i n  making  t r a n s i t i o n s  u n t i l  L 
A L - l ,  AL- 0 ,  A H - l ,  and  AH-0 a r e  p u l s e s  a t  t r a n s i t i o n s  o f  
AL and  A , a s  d e f i n e d  a b o v e ,  which c a n  o c c u r  o n l y  d u r i n g  L 
b i t  t ime.  These  s i g n a l s  a r e  i n h i b i t e d  by v a r i o u s  s t a t e  s i g n a l s  
and u s e d  a s  t i m i n g  p u l s e s  t,o advance  the  program s t a t e  c o u n t e r  
and  t o  s t a r t  t he  DO and  R/A t imer s .  
HI 
b i t  t i m e .  120 
1 2 0  H 
The R/A Reset s i g n a l  w i l l  be "one" if A H - 1  o r  i f  t h e  R/A 
s i g n a l  is a i n  s t a t e s  T-1A o r  T-1B. 
The R e t u r n  To T-0 s i g n a l  w i l l  be a "one" i f  t h e  G o  To T-0 
s i g n a l  goes t o  a "one" f o r  a t  l e a s t  160 m i c r o s e c o n d s  and  i f  t h e  
DO s i g n a l  is a "one" i n  s t a t e  T-lA, o r  i f  t h e  R/A s i g n a l  is a 
"one" i n  s t a t e s  T-1A o r  T-1B. 
The r e i h a i n i n g  s i g n a l s  a r e  self e x p l a n a t o r y .  Note t h a t  ' t he  
DRC'  s i g n a l  is ' i n h i b i t e d  i n  e v e r y  s t a t e  e x c e p t  T-2. 
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Programmer and  DO T imer  
The programmer is a 5 - s t a g e ,  p r e s e t t a b l e ,  s h i f t  r eg is te r  which  
is c l o c k e d  by t h e  l o g i c a l  f u n c t i o n  of s i g n a l s  R e t u r n  To T-0, 
R/A S e t ,  R/A Rese t ,  DRC T-2, and  (AL-- 1) (T-0) . E a c h  of these  
p u l s e s  w i l l  c a u s e  t h e  programmer t o  s h i f t  once  i n  a c c o r d a n c e  w i t h  
t h e  f l o w  d i a g r a m ,  Figure 6-18. Norma l ly  o n l y  one  s t a g e  of the 
programmer w i l l  be s e t  t o  a "one", a n d  a n  i n i t i a l  G o  To T-0 
command w i l l  i n s u r e  t h i s  c o n d i t i o n .  The DO T imer  is  a 3 - s t a g e  
s h i f t  r eg i s t e r  c o u n t e r  which i s  n o r m a l l y  h e l d  i n  the " a l l - z e r o "  
c o n d i t i o n .  A DO Se t  s i g n a l  w i l l  s e t  t h e  f i r s t  s t age  t o  a "one" 
and  t h e  c o u n t e r  w i l l  p r o g r e s s  t h r o u g h  i t s  7 r e m a i n i n g  s t a t e s  t o  
t h e  "al l -zero" c o n d i t i o n s  a t  t h e  L127 r a t e ,  u n l e s s  i t  is r e se t  by 
t h e  DO Reset  s i g n a l .  
If t h e  t imer reaches the  " a l l - z e r o "  c o n d i t i o n  b e f o r e  A be- 
comes a "one", a n  o u t p u t  s i g n a l  d e n o t e d  by DO w i l l  be g e n e r a t e d .  
T h i s  s i g n a l  is a s i n g l e  ' p u l s e  c o i n c i d e n t  w i t h  t h e  s e v e n t h  L 
p u l s e  a f t e r  t h e  DO S e t  s i g n a l  o c c u r r e d .  T h i s  d e l a y  w i l l  t h e n  be 
0.123 s e c o n d .  
H I  
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R/A Timer  
I n  a d d i t i o n  t o  t h e  R/A t imer ,  t h i s  module c o n t a i n s  t h e  l o g i c  
r equ i r ed  t o  g e n e r a t e  t h e  DO Se t  and  Reset S i g n a l s .  The DO Set 
s i g n a l  is a "one" i f  A - 0  i s  a "one" i n  s t a t e  T-1A or i f  L 
-0 is  a "one" i n  s t a t e s  T-2 o r  T-3. The DO Reset s i g n a l  
w i l l  be a ''one" i f  A H + l  is a "one" i n  s t a t e s  T-2 or T-3, o r  
if A --t 1 i s  a t 'onel'  i n  s t a t e  T-1A. The R/A T imer  is i d e n t i c a l  
t o  t h e  DO T imer  e x c e p t  i t  h a s  s e v e n  s t a g e s  and  t h u s  p r o v i d e s  a 
d e l a y  of 2.57 s e c o n d s  b e f o r e  t h e  R/A p u l s e  w i l l  o c c u r .  T h i s  
t imer  w i l l  be s t a r t e d  i f  AL- 0 i s  a "one" i n  s t a t e  T-1B or i f  
DO is a ''one" i n  s t a t e s  T-2 or T-3. I t  w i l l  be reset  by R/A or 




The R/A p u l s e  w i l l  n o t  be g e n e r a t e d  if ALI becomes a "one" b e f o r e  
127  L sequence  p e r i o d s  have e l a p s e d .  
B u f f e r  Module 
I n  t h i s  module t h e  t i m i n g  and  s t a t e  s i g n a l s  r e q u i r e d  f o r  t he  
f o r m a t i o n  o f  t h e  g a t i n g  s i g n a l s  GC1,  GC2, GH1 and  GH2 a r e  r e t i m e d  
and b u f f e r e d .  The H-Sequence, L-Sequence, and F @ FL,2 a r e  a l s o  
b u f f e r e d  f o r  u s e  i n  t h e  code  c o m b i n e r s .  I n  a d d i t i o n ,  t he  i n p u t  
P r e s e t  s i g n a l  f rom which  t h e  EM s i g n a l  is d e r i v e d  is  e n a b l e d  by 
T-0 and b u f f e r e d  he re .  
L 
 
is  r e t i m e d  and b u f f e r e d  f o r  u s e  by t h e  AL, AH and Da ta  L119 
Demodulator  c i r c u i t s  and s i g n a l  L,,, is b u f f e r e d  f o r  e x t e r n a l  u s e ,  
L L  I 
is formed a s  a s i g n a l  which  is a "one" %N 
e v e n  L sequence  b i t s .  
The s t e e r i n g  s i g n a l s  for f i n a l  r e t i m i n g  o f  
and GH2 g a t i n g  s i g n a l s  ( g i v e n  i n  T a b l e  VI-2) 
module.  
Gate  G e n e r a t o r  
o n l y  d u r i n g  the  
t h e  GC1,  GC2, G H l  
a r e  formed i n  t h i s  
I n  t h i s  module t h e  f i n a l  r e t i m i n g  o f  a l l  g a t i n g  s i g n a l s  i s  
a c c o m p l i s h e d ,  t o g e t h e r  w i t h  t h e  comple t e  f o r m a t i o n  o f  the  GR and 
G I  g a t i n g  s i g n a l s .  The r e t i m i n g  d e l a y s  t h e  g a t i n g  s i g n a l s  by one 
H sequence  b i t  f rom t h e  r e f e r e n c e  s e q u e n c e  g e n e r a t i o n .  Note t h a t  
GC1, G C 2 , G R  and E a r e  t h e  s i g n a l s  f u r n i s h e d  t o  t h e  r e c e i v e r ,  
and these  a r e  t h e  l o g i c a l  i n v e r s e s  of  t h e  s i g n a l s  g i v e n  i n  
- -_. 
T a b l e  VI-2. The s i g n a l  R/A-D i s  formed i n  t h i s  module and w i l l  
be a "one" whenever  t h e  R/A Timer is  r u n n i n g  ( i . e . ,  f o r  t he  time 
between when t h i s  t imer  is  s e t  and when i t  is  r e s e t ) .  T h i s  
s i g n a l  is  a l s o  combined w i t h  GC1 and GC2 and made a v a i l a b l e  a s  a n  
o u t p u t  
P r e l i m i n a r y  c o m b i n a t i o n  f o r  b o t h  t he  r e c e i v e r  and t r a n s m i t t e r  
c o d e s  is  a c c o m p l i s h e d ,  w i t h  ZR-1  and ZT-1 d e n o t i n g  these  o u t p u t s .  
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T r a n s m i t t e r  Combiner  
The f i n a l  t r a n s m i t t e r  code is f o r m e d ,  r e t i m e d  and  b u f f e r e d  i n  
t h i s  module .  The t r a n s m i t t e r  code  (TT-Z) fo rm is  g i v e n  i n  
T a b l e  V I - 2 .  Note t h a t  t h i s  code  d o e s  n o t  c o n t a i n  any  F component 
so  t h a t  r e t i m i n g  by HCL is  s u f f i c i e n t .  
a c c o m p l i s h e d  i n  two s t a g e s  p l u s  the  i n t e r f a c e  c i r c u i t s  s o  t h a t  t h e  
t r a n s m i t t e r  code i s  d e l a y e d  by f o u r  c y c l e s  o f  2FH p l u s  t he  
i n t e r f a c e  r e t i m i n g  d e l a y  from the  r e f e r e n c e  s e q u e n c e  g e n e r a t i o n ,  
A 6 . 4  MHz s q u a r e  wave,  d e n o t e d  by FHS, is s u p p l i e d  f o r  e x t e r n a l  
u s e ,  and  is e q u i v a l e n t  t o  FH d e l a y e d  by t h e  i n t e r f a c e  r e t i m i n g  
d e l a y .  I n  a d d i t i o n ,  some r e t i m i n g  and  combin ing  r e q u i r e d  f o r  the  
H 
T h i s  r e t i m i n g  is 
_j r e c e i v e r  code is a c c o m p l i s h e d  i n  t h i s  module r e s u l t i n g  i n  t h e  two 
p a r t i a l  r e c e i v e r  c o d e s  ZR-2 and  Z R - 3 .  Note t h a t  ZR-2 h a s  a d e l a y  
1 
I H' 
of 2 c y c l e s  of FH w h i l e  ZR-3 h a s  a d e l a y  o f  4 cyc le s  o f  F 
R e c e i v e r  Combiner  
The f i n a l  r e c e i v e r  code is  f o r m e d ,  r e t imed ,  and  b u f f e r e d  i n  
t h i s  m o d u l e .  
r e t i m e d  w i t h  2FH a f t e r  t h i s  component  i s  a d d e d .  
form i s  g i v e n  i n  T a b l e  V I - 2  and  is d e l a y e d  f rom the  r e f e r e n c e  
s e q u e n c e  g e n e r a t i o n  by s i x  c y c l e s  of 2FH p l u s  t h e  i n t e r f a c e  
r e t i m i n g  d e l a y .  R e t i m i n g  o f  a l l  components  of t he  code  i s  r e q u i r e d  
t o  i n s u r e  t h e  p r o p e r  p h a s e  r e l a t i o n s h i p s  among t h e  components  i n  
T h i s  code c o n t a i n s  FH a s  a component and  m u s t  be 
The f i n a l  code  
i 
1 
t h e  f i n a l  c o d e .  I 
S t a t e  s i g n a l  T-0 is  b u f f e r e d  t o  three  o u t p u t s  f o r  e x t e r n a l  
u s e .  
The r e m a i n d e r  o f  t h e  l o g i c  is r e q u i r e d  t o  s e t  and  r e s e t  t h e  




The f o l l o w i n g  list of i n p u t  and o u t p u t  s i g n a l s  o f  t h e  code 
c o n t r o l ,  g i v e s  a c h a r a c t e r i s t i c  d e s c r i p t i o n  of e a c h .  
6-96 




4 .  
5. 
6 .  
7. 
T-2fH - a 12.8 MHz s q u a r e  wave, 0 . 3 0 ~  510% p-p. 




T-GO TO T-0 - a DC l e v e l  s i g n a l ;  s t d .  d i g i t a l  l e v e l .  
T-DRC - a DC l e v e l  s i g n a l ;  s t d .  d i g i t a l  l e v e l .  
T-PRESET - a DC l e v e l  s i g n a l  s t d .  d i g i t a l  l e v e l .  
T-AL (AMPL) - a s e r i e s  o f  r e v e r s a b l e  p o l a r i t y  10 IJsec w i d e  
p u l s e s  o c c u r r i n g  a t  Ll19 t i m e  and v a r i a b l e  i n  a m p l i t u d e  
from 0 t o  5v p-p. 
T-AH (AMPL) - a s e r i e s  o f  r e v e r s i b l e  p o l a r i t y  10 llsec wide 
p u l s e s  o c c u r r i n g  a t  Ll19 t i m e  and v a r i a b l e  i n  a m p l i t u d e  
f rom 0 t o  5v p-p. 
I 
o u t p u t s  
1. T-Li27 (C/O) Pulse  waveform; s t a n d a r d  d i g i t a l  v o l t a g e  
T-L127, E l e v e l s ;  p u l s e  w i d t h  - 2 0 4 4  e 2 f H ;  p u l s e  
r e p e t i t i o n  f r e q u e n c y  - 2 f H  e 259588. T-L59 
2 .  T-AL (C/O) D-C l e v e l ;  s t a n d a r d  d i g i t a l  v o l t a g e  
T-AH (C/O) 
T-AH 
l e v e l s ;  m u s t  make t r a n s i t i o n s  w i t h i n  70 
[Lsec a f t e r  l e a d i n g  edge  of LlI9 p u l s e ;  
T-AL (C/O) w i l l  be a "1" i f  T-AL (AMPL) 
is more n e g a t i v e  t h a n  -1.0 v o l t  and w i l l  
be a "0" i f  T-A (AMPL) is  more p o s i t i v e  
t h a n  - 0 . 4  v o l t ;  T-AH (C/O) and T-AH w i l l  
be a "lql i f  T-A (AMPL) i s  more n e g a t i v e  
H t h a n  -1.0 v o l t  and w i l l  be a "0" i f  T-A 
(AMPL) is more p o s i t i v e  t h a n  -0 .4  v o l t .  
L 
H 
T - q  L o g i c a l  i n v e r s e  of a b o v e .  











4 .  T-FHS 
5, T-R/A-D(V) 
T-IV'X-D( V )  
6 .  T-Gcl R/A-D 
T-GC2 R/A-D 
7. T-DR-AL 
8 .  T-DR-GH1 
T-DR-GH2 
D-C l e v e l ;  s t a n d a r d  d i g i t a l  v o l t a g e  
l e v e l s ;  m u s t  make t r a n s i t i o n s  a t  
t r a i l i n g  edge  of t h e  FL @ FLI2 ' s i g n a l ,  
I 
L o g i c a l  i n v e r s e  o f  above .  
S q u a r e  wave; f r e q u e n c y  - fH, s i g n a l  
l e v e l s  - l o g i c  "1" = - I - 0 . 3 0 ~  +O.O5v, and 
l o g i c  "0" - 0 . 0 0 ~  +-O.O3v; r i se  time - 
l e s s  t h a n  5 nsec ;  n o i s e  l e v e l  - l e s s  
t h a n  50 m i l l i v o l t s  e i t h e r  l e v e l ,  
D-C l e v e l ;  s t a n d a r d  d i g i t a l  v o l t a g e  
l e v e l s ;  m u s t  make t r a n s i t i o n s  a t  l e a d i n g  
edge  of  L120 o r  L127. . 
L o g i c a l  i n v e r s e  of above .  
L o g i c  "0" of s t a n d a r d  d i g i p a l  v o l t a g e  
l e v e l  o r  p u l s e  waveform; s t a n d a r d  d i g i t a l  
v o l t a g e  l e v e l s ;  p u l s e  w i d t h -  511 + 2 f H ;  
p u l s e  r e p e t i t i o n  f r e q u e n c y  - 2 f H  f 2044 
o r  2 fH  + 4088.  
P u l s e  waveform; s t a n d a r d  d i g i t a l  v o l t a g e  
l e v e l s ;  p u l s e  w i d t h  - 2044 + 2 f H ;  p u l s e  
r e p e t i t i o n  f r e q u e n c y  - 2 f H  9 259588.  
P u l s e  waveform, s t a n d a r d  d i g i t a l  v o l t a g e  
l e v e l s ;  p u l s e  w i d t h  - 511 4 2fH;  p u l s e  
r e p e t i t i o n  f r e q u e n c y  - 2 f H  + 2044 o r  
"0" d u r i n g  Ll19. 







9 .  T - s  Pulse  waveform; s t a n d a r d  d i g i t a l  v o l t a g e  
i 
l e v e l s ;  p u l s e  w i d t h 0 5 1 1  f 2fH; p u l s e  
r e p e t i t i o n  f r e q u e n c y  - 2 f H  + 2044 o r  
2 f H  + 4088.  I 
T - s  
I 
10.  T-% Pulse  waveform; s t a n d a r d  d i g i t a l  
v o l t a g e  l e v e l s ,  p u l s e  w i d t h  - 511 
i 2 f H ;  p u l s e  r e p e t i t i o n  f r e q u e n c y  - 
p u l s e  r e p e t i t i o n  f r e q u e n c y  -2fH + 4088. 
2 f H  t 2044 o r  p u l s e  w i d t h  - 1022 i 2 f H ;  
11. T-G? L o g i c  r t O "  of  s t a n d a r d  d i g i t a l  v o l t a g e  
l e v e l  or p u l s e  waveform; s t a n d a r d  
d i g i t a l  v o l t a g e  l e v e l s :  p u l s e  w i d t h  - 
1022 + 2 f H ;  p u l s e  r e p e t i t i o n  f r e q u e n c y  - 
2 f H  3 2044.  
1 2 .  TR-Z . A pseudo-noise  coded waveform (code  
d e s c r i p t i o n  g i v e n  below) ; f r e q u e n c y  - 
f H  b i t s  p e r  s e c o n d ;  s i g n a l  l e v e l s  - 
l o g i c  "1" - + 0 , 3 0 v  2 0 . 0 5 ~  and l o g i c  
= 0 . 0 0 ~  2 0 . 0 3 ~ ;  r i se  t i m e  - l e s s  
t h a n  5 n s e c ;  n o i s e  l e v e l  - l e s s  t h a n  
50 m i l l i v o l t s  e i t h e r  l e v e l .  
6 . 5 . 3  Dopp le r  I n v e r t e r  I . 
The Dopp le r  I n v e r t e r  c o n n e c t s  t h e  T r a c k i n g  T r a n s m i t t e r  F requency  
S y n t h e s i z e r  t o  t h e  T r a c k i n g  R e c e i v e r  C a r r i e r  loop  VCO and i n  d o i n g  
s o  p e r f o r m s  a f r e q u e n c y  t r a n s l a t i o n .  
' 
A p o s i t i v e  Dopp le r  o f f s e t  a t  the  r e c e i v e r  VCO is c o h e r e n t l y  
c o n v e r t e d  t o  a n e g a t i v e  Dopp le r  o f f s e t  w i t h  t h e  c a r r i e r  f r e q u e n c y  
p r e s e r v e d .  
i n v e r t  f o  + f D  f 0 F fD I 
R e t r a n s m i s s i o n  o f  t h i s  s i g n a l  r e s u l t s  i n  t h e  Vehicle  r e c e i v i n g  
a f r e q u e n c y  w i t h  e s s e n t i a l l y  no Dopp le r  s h i f t  from t h e  s i g n a l  i t  




To a c h i e v e  f u l l  c o h e r e n c y  of s i g n a l s  t he  Vehicle i n s t r u c t s  t h e  
Dopp le r  I n v e r t e r  t o  sweep t o  t r u e  Dopp le r  so  t h a t  t h e  Vehic le  
r e c e i v e s  a s i g n a l  w i t h  two way Dopp le r  p r e s e n t .  
I n v e r s i o n  o f  t h e  Dopp le r  o f f s e t  i s  a c c o m p l i s h e d  by t h e  p r o c e s s  
shown i n  F i g u r e  6-33. 
s t a t i o n  c l o c k .  Dopp le r  i s  p r e s e r v e d  i n  t h e  lower  s i d e b a n d  o u t p u t  
o f  t h e  f i r s t  mixer, b u t  is  r e v e r s e d  i n  t h e  lower  s i d e b a n d  of  t h e  
second  mixe r  due t o  the  change  i n  s i g n .  
The 2/3 Fo s o u r c e  i s  phase  l o c k e d  t o  t h e  
I t  is s e e n ,  a l s o  from F i g u r e  6-33, t h a t  i f  Fo h a s  t h e  Dopp le r  
added and  becomes 2 /3  ( f o  + f , ) ,  t h e n  t r u e  Dopp le r  is p r e s e r v e d  
a t  t h e  o u t p u t  o f  t h e  s e c o n d  mixer. I 
The 2 / 3  f o  s i g n a l  is f e d  from t h e  phase  l o c k e d  o s c i l l a t o r  of 
t h e  T r a c k i n g  F i l t e r  shown i n  F i g u r e  6-34. 
The t r a c k i n g  f i l t e r  may be l o c k e d  t o  e i t h e r  t h e  s t a t i o n  c l o c k  
m u l t i p l i e d  t o  19.2 MHz o r  the  1 9 . 2  MHz c o h e r e n t  d e r i v a t i v e  of t h e  
T r a c k i n g  R e c e i v e r  l o c a l  o s c i l l a t o r .  F i g u r e  6-35 shows t h e  method 
of c o n n e c t i o n .  
I t  i s  n e c e s s a r y  t o  a s s i s t  t he  a c q u i s i t i o n  o f  t h e  T r a c k i n g  
F i l t e r  l o o p ,  and t o  c o n t r o l  t h e  r a t e  of sweep when t r a n s f e r r i n g  
f rom Reverse- to-Track  modes o f  o p e r a t i o n .  The Dopp le r  S i g n  
D e t e c t o r  compares  t h e  phase  of  t h e  b e a t  n o t e s  f rom t h e  phase  
d e t e c t o r  and t h e  c o h e r e n t  a m p l i t u d e  d e t e c t o r .  The compar i son  
r e su l t s  i n  t h e  a p p l i c a t i o n  of  a v o l t a g e .  p u l s e  t o  a summing p o r t  of 
t h e  d i f f e r e n t i a l  a m p l i f i e r  d r i v i n g  the  c o n t r o l  f i l t e r .  T h i s  
v o l t a g e  w i l l  be o f  t h e  c o r r e c t  p o l a r i t y  t o  d r i v e  t h e  VCO t o  t h e  
i n p u t  f r e q u e n c y .  
The s i g n  detector  is shown i n  F i g u r e  6-36. The b e a t  n o t e  
o u t p u t s  from t h e  phase  d e t e c t o r  and CAD w i l l  a lways  be a p p r o x i m a t e l y  
90 d e g r e e s  o u t  of  phase  w i t h  e a c h  o t h e r .  I f ,  a s  shown i n  t h e  
d i a g r a m ,  t h e  o u t p u t  of  the  phase  d e t e c t o r  l a g s  t h a t  of t h e  CAD, 
t h e  i n p u t  t o  t h e  T r a c k i n g  F i l t e r  is above t h e  r e f e r e n c e  f r e q u e n c y  
b e i n g  g e n e r a t e d  by t h e  l o o p  VCO. The s h a p e r  o u t p u t  f o r  t h e  pha'se 
d e t e c t o r  w i l l  be t r a n s f e r r e d  t o  t h e  r e g i s t e r  o u t p u t  I by t h e  n e g a t i v e -  
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I 
, s  
reg is te r  o u t p u t  swi tches  a n e g a t i v e  v o l t a g e  t o  t h e  o u t p u t ,  r a i s i n g  
t h e  VCO f r e q u e n c y ,  w h i l e  the  "0" s t a t e  g i v e s  a p o s i t i v e  v o l t a g e .  
R e f e r r i n g  t o  F i g u r e  6-35, when t h e  i n p u t  is s w i t c h e d  from 
REVERSE t o  TRACK, w e  swirtch f rom the  R e f e r e n c e  ( f o )  t o  t h e  VCO 
(Fo + f ) s o u r c e ,  
d e t e c t o r  m u s t  a c q u i r e  t he  new s o u r c e .  The f i x e d  s i g n  d e t e c t o r  
The t r a c k i n g  f i l t e r ,  a s s i s t e d '  by t h e  s i g n  D 
o u t p u t  is a p p l i e d ,  t h r o u g h  a f i x e d  g a i n  t o  t he  l o o p  f i l t e r  which 
i n t e g r a t e s  t he  s t e p  change  i n  v o l t a g e  t o  sweep t h e  VCO, and the  
i n v e r t e r  f o  o u t p u t  t o  t h e  f o  + f D  f r e q u e n c y .  
When t h e  new s i g n a l  is a c q u i r e d ,  t h e  p o s i t i v e  v o l t a g e  from the  
CAD o p e r a t e s  the c lamp and s h o r t s  t h e  s i g n  d e t e c t o r  o u t p u t  t o  
g round .  
6 . 5 . 4  T r a n s m i t t e r  S y n t h e s i z e r  
The b a s i c  f u n c t i o n  o f  t h e  s y n t h e s i z e r  is  t o  p r o v i d e  a 
t r a n s m i t t e r  s o u r c e  o f  t h e  p r o p e r  f r e q u e n c y  which  is  phase  c o h e r e n t  
t o  t h e  t r a c k i n g  r e c e i v e r  VCO. T h i s  i s  accompl i shed  i n  modules  
1A2A14, lA2A15 and 1A2A17 which  compr i se  a Type 1[ s e c o n d  o r d e r  
phase  lockBd l o o p .  A f u n c t i o n a l  b l o c k  d i ag ram o f  t h e  l o o p  is 
shown i n  F i g u r e  6-37. 
The 1 9 . 2  MHz s i g n a l  f rom t h e  Doppler  I n v e r t e r  is t h e  r e f e r e n c e  
t o  which  t h e  t r a n s m i t t e r  VCO's a r e  l o c k e d .  The L-band o u t p u t  of 
t h e  t r a n s m i t t e r  may be r e q u i r e d  t o  be any f r e q u e n c y  from 1750 t o  
1850 MHz s e l e c t e d  i n  400 kHz s t e p s .  Each t r a n s p o n d e r  h a s  f o u r  
s e l e c t a b l e  t r a n s m i t t e r  c h a n n e l s .  The r a n g e  of t h e  V C O ' s  w i l l  
c o r r e s p o n d i n g l y  be 2 7 . 3  t o  2 8 . 9  MHz s e l e c t a b l e  i n  6 . 2 5  kHz s t e p s .  
The 19.2 MHz r e f e r e n c e  i s  s p l i t  i n t o  two p a t h s ,  w i t h  one b e i n g  
f e d  t o  a i 48 which  p r o v i d e s  a 400 M-Iz r e f e r e n c e  for a d i g i t a l  
e x c l u s i v e  OR phase  d e t e c t o r .  The o t h e r  is mixed w i t h  the  28 MHz 
VCO t o  p r o v i d e  a nomina l  9 MHz s i g n a l  which  is fed  t o  a d i g i t a l  
programmable d i v i d e r .  The d i v i d e r  is  c o n t r o l l e d  by t h e  S t a t i o n  
C o n t r o l  R e c e i v e r  and s e l e c t s  t h e  p r o p e r  d i v i s i o n  r a t i o  t o  d i v i d e  
t h e  9 MHz s i g n a l  t o  6 . 2 5  kHz. T h i s  s i g n a l  is t h e n  m u l t i p l i e d  by 
6-105 
b 
I I I i 
6-106 
64 t o  p r o v i d e  a 400 kHz s i g n a l  t o  t h e  phase  d e t e c t o r  and l o o p  
f i l t e r  which  f o l l o w s .  T h i s  c o n t r o l  f rom t h e  l o o p  f i l t e r  is t h e n  
f e d  t o  t h e  s y n t h e s i z e r  o s c i l l a t o r s  t h u s  c l o s i n g  the  l o o p .  
The c o r r e c t  o s c i l l a t o r  is i n s t r u c t e d  ON a t  t h e  same t i m e  t h a t  
I 
t he  d i v i d e r s  a r e  b e i n g  programmed. I 
The s y n t h e s i z e r  l o o p  h a s  a l o o p  g a i n  of 6400 sec-l  and 28L of 
200 H z  which a l l o w s  the  l o o p  t o  a c q u i r e  t he  r e f e r e n c e  w i t h  i t s  
f u l l  Doppler  component and t o  t r a c k  t h e  Dopp le r  sweep,  
F i g u r e  6-38 is a s i m p l i f i e d  d i ag ram o f  the  l o b p  and an  






F i g u r e  6-38. S y n t h e s i z e r  Loop 
6-107 
For a l o c k e d  l o o p  c o n d i t i o n  t h e  s i g n a l s  
p h a s e  d e t e c t o r  m u s t  be e q u a l  i n  f r e q u e n c y .  
i n  64 - -  
( f o  - f in )  f - 
R e a r r a n g e  terms : 
- =  f O  Kl + * i n  64 K2 
S u b s t  i t  u t  i n g  v a l u e s  
K2 = 48, f in  = 
K2 
1 
19 .2  MHz 
/ K, 
f = 19.2 (,& + 1) 
0 
a t  t h e  
I 
i n p u t  t o  t h e  
I 
For any r e q u i r e d  t r a n s m i t t e r  f r e q u e n c y ,  t he  VCO (Fo) c a n  be 
d e t e r m i n e d  by d i v i d i n g  by t h e  t r a n s m i t t e r  m u l t i p l i c a t i o n  (X64). 
Then t h e  v a l u e  of Kl c a n  be d e t e r m i n e d  by:  
k '  1 = (A - 1) 3072 
6 . 5 . 5  T r a c k i n g  T r a n s m i t t e r  
The T r a c k i n g  T r a n s m i t t e r  c o n s i s t s  of t w o  modu les  1A2A17 and 
1A2A18 which  p r o v i d e  the  m u l t i p l i c a t i o n  and m o d u l a t i o n  of t h e  
t r a n s m i t t e r  c a r r i e r .  1A2A17 c o n s i s t s  o f  a X2 m u l t i p l i e r ,  a n  
a u x i l i a r y  p h a s e  m o d u l a t o r  and  f i l t e r  a m p l i f i e r ,  The p h a s e  
m o d u l a t o r ,  u sed  m a i n l y  f o r  t e s t  purposes  has  a c o n s t a n t  m o d u l a t i o n  
r e s p o n s e  +0, -3 d b  f rom 50 H z  t o  100 kHz and  l i n e a r  w i t h  5 p e r c e n t  
f o r  m o d u l a t i o n  i n d i c e s  u p  t o  0.125 r a d i a n  a t  t h e  o u t p u t  o f  t h e  
module .  lA2A18 c o n s i s t s  o f  a X4 m u l t i p l i e r ,  wideband b i p h a s e  
m o d u l a t o r  a t  224 MHz and  t r a n s i s t o r  a m p l i f i e r  and  X 2  m u l t i p l i e r  
which p r o v i d e s  a n o m i n a l  100 mw a t  448 MHz. T h i s  s i g n a l  d r i v e s  
t h e  X4 m u l t i p l i e r  wh ich  is a wideband s t e p  r e c o v e r y  d i o d e  d e v i c e .  
The X4 p r o v i d e s  a n o m i n a l  10 m w ,  1800 MHz s i g n a l  wh ich  is  f e d  t o  
t h e  TWTA f o r  a m p l i f i c a t i o n  t o  10 w a t t s .  The wideband m o d u l a t o r  is 
6-108 
l 
a h o t  c a r r i e r  d i o d e  d e v i c e  w i t h  r i s e  t i m e  o n  t h e  o r d e r  
The m o d u l a t o r  a c t u a l l y  s h i f t s  t h e  p h a s e  3-11.25 d e g r e e s  
c a r r i e r  f r e q u e n c y  of 224  MHz w i t h  a n  a c c u r a c y  of a b o u t  
of 5 nsec.  
a t  t h e  
1/4 d e g r e e ,  
I 
The r e s u l t a n t  m o d u l a t i o n  a t  L-band is t h e r e f o r e  b i p h a s e .  
The TWTA is  a Hughes 1 1 2 2 A  t u b e .  I t  has, a s e l f  c o n t a i n e d  power 
s u p p l y  and  o p e r a t e s  f rom a 110 VAC 60 Hertz  power s o u r c e .  
A f u n c t i o n a l  b l o c k  d i a g r a m  of t h e  t r a n s m i t t e r  is s h o w n  i n  
F i g u r e  6-39. 
6 . 6  POWER AMPLIFIER (1A3) 
The power a m p l i f i e r  c o n t a i n s  . c i r c u i t s  t o  s w i t c h  power s u p p l i e s  
for t h e  t r a c k i n g  r e c e i v e r  (1A2) and  t o  s w i t c h  pr ime power t o  a n  
a u x i l i a r y  o u t p u t .  The s w i t c h i n g  c i r c u i t  c o n s i s t s  o f  two r e l a y s  
and  a d r i v i n g  c i r c u i t  w h i c h  r e c e i v e s  commands f rom t h e  c o n t r o l  
r e c e i v e r  ( 1 A l ) .  B o t h  r e l a y s  a r e  open  when t h e  s t a t i o n  is ''OFF." 
A r r i v a l  of a "one" a t  t h e  d r i v e r  c i r c u i t  e n e r g i z e s  r e l a y  K1, 
w h i c h  a p p l i e s  t-28 VDC t o  r e l a y  K2 and  t h e  f o u r  DC/DC c o n v e r t e r s .  
F i g u r e  6-40 s h o w s  t h e  f u n c t i o n a l  p a t h s .  The8mount ing  p l a t e  of t h e  
power a m p l i f i e r  d r a w e r  h a s  two t h e r m a l  switches which  t u r n  o n  a 
b lower  when p l a t e  t e m p e r a t u r e  r e a c h e s  45OC. 
6 . 7  POWER CONVERTER (1AS) 
The power c o n v e r t e r  is a commercial u n i t  w i t h  t h e  follo 'wing 
Moto ro la  m o d i f i c a t i o n s :  A110/220 VAC 5 A M P  c i r c u i t  b r e a k e r  was 
mounted i n  a n  o p e n i n g  c u t  i n  t h e  f r o n t  p a n e l .  An A - C ' l i n e  cord 
was p a s s e d  t h r o u g h  t h e  r e a r  p a n e l  and  r o u t e d  t o  t h e  b r e a k e r .  The 
l i n e  f rom t h e  b r e a k e r  o u t p u t  was r e t u r n e d  t o  t h e  r e a r  and  c o n n e c t e d  
i n t e r n a l l y  t o  t h e  b a r r i e r  s t r i p  on  t h e  r e a r  p a n e l ,  For t h e o r y  of 
o p e r a t i o n  r e f e r  t o  t h e  manual  o f  t h e  power c o n v e r t e r ,  Mid-Eas te rn  
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SECTION V I 1  
7 .  AROD VEHICLE CHECKOUT EQUIPMENT I 
7 .1 PURPOSE OF THE EQUIPMENT 
The AROD Vehicle Checkou t  Equipment  p r o v i d e s  a t e s t  f a c i l i t y  
f o r  t h e  AROD Veh ic l e -Borne  Sys tem.  I t  is i n t e n d e d  t o  exercise,  
a t  l e a s t ,  a l l  f u n c t i o n s  of t h e  s y s t e m ,  a n d  t o  e v a l u a t e  v a r i o u s  
a s p e c t s  of o p e r a t i o n  t o  a f i n e  d e g r e e .  It  w i l l  a l s o  serve a s  a 
m a i n t e n a n c e  t o o l  f o r  t r o u b l e s h o o t i n g  t h e  Veh ic l e -Borne  Sys t em.  
7 . 2  PHYSICAL DETAILS 
I 
I 
P h y s i c a l  d e t a i l s  of t h e  Vehicle Checkout  Equipment  a r e  shown 
i n  f i g u r e  7-1, a f r o n t  v i e w  a n d  f i g u r e  7-2,  a r e a r  v i e w .  The 
r a c k  .is a 5 - f O O t  s t a n d a r d  1 9 - i n c h  c a b i n e t  which c o n t a i n s  s e v e r a l  
m a j o r  a s s e m b l i e s .  The  Vehicle C o n t r o l  Drawer ( 1 A 1 )  a n d  t h e  R-F 
T r a n s l a t o r  (1A2) a r e  mounted on  s l i d e s  w i t h  c a b l e  r e t r a c t o r s  t o  
p e r m i t  o p e r a t i o n  i n  a n  o p e n  p o s i t i o n .  Power s u p p l i e s  r e q u i r e d  
f o r  V-C/O Equipment  o p e r a t i o n  (+9 v ,  k 3 . 5  v )  a r e  c o n t a i n e d  i n  
1 A 3  whereas  l P S l  s u p p l i e s  p r ime  power f o r  the  Veh ic l e -Borne  Sys t em,  
Commercial  a s s e m b l i e s  i n c l u d e d  i n  t h e  r a c k  a r e  a f r e q u e n c y  c o u n t e r  
a n d  t i m e  i n t e r v a l  meter (HP-5245L w i t h  ,5262A p l u g - i n ) ,  a power 
meter (HP-431B), a V-0-M (HP-412C) a n d  a blower a s s e m b l y .  Other  
c o m m e r c i a l  equ ipmen t  s u p p l i e d  w i t h  t he  V-C/O Equipment  a r e  a 
s p e c t r u m  a n a l y z e r  (HP-851B/8551B), o s c i l l o s c o p e  ( T e k t r o n i x  5 8 5 A ) ,  
a n d  a d i g i t a l  p r i n t e r  (HP-562A). A 115 v o l t  AC d i s t r i b u t i o n  
s t r i p  is i n c l u d e d  i n  t h e  r e a r  of t he  r a c k  f o r  t h e s e  a u x i l i a r y  
i n s t r u m e n t s ,  I d e n t i f i c a t i o n  of t h e  m a j o r  s u b a s s e m b l i e s  is 
t a b u l a t e d  i n  t a b l e  7-1. 
7.3 ASSEMBLY DESCRIPTION 
A l l  components  of the  r a c k  a r e  pane l -mounted  e x c e p t  1 A l  a n d  










F i g u r e  7-2. AROD V e h i c l e  Checkout Equipment,  Rear V i e w  
7-3 
TABLE 7-1. Rack-Mounted Assemblies 
Assembly Name 
CABINET ASSEMBLY 
VEHICLE CONTROL DWR 
R-F T r a n s l a  t o r  DWR 




TIME INTERVAL UNIT 
POWER METER 
VOLT -0 hm -M I LL I AMETE I; 
BLOWER ASSEMBLY 
P a r t  or 
Model No. 
16-22619H01 








3 0 0  CFM-700-875 
M a n u f a c t u r e r  
Motorola 
M o t o r o l a  
Motorola 
M o t o r o l a  
LAMBDA 
H e w l e t t - P a c k a r d  
H e w l e t t - P a c k a r d  
H e w l e  t t -Packn rd 
H e  wle t t -Packard  
Stone & S m i t h  
R e f .  
Desig. 
1 A l  
1A2 
f A 3  
lPS l  
AUXILIARY EQUIPMENT 
H e  w l  e t t -Pa c k a  r d  
OSCILLOSCOPE Tek t r o n  i x  
7.3.1 Vehicle C o n t r o l  Drawer (1Al)  . 
The 1Al d r a w e r  is shown i n  . f i g u r e  7-3 a n d  t h e  d r a w e r  l a y o u t  i n  
f i g u r e  7-4. I t  c o n t a i n s  two b a y s ,  e a c h  b a s i c a l l y  a t r a n s p o n d e r  
s i m u l a t o r .  Each bay  c o n t a i n s  4 R-F t y p e  modules  a n d  5 d i g i t a l  
t y p e  modu les ,  T r a n s p o n d e r  s i m u l a t o r  #1 c o n s i s t s  o f  A 5 ,  A 7 ,  A 9 ,  
A l l ,  A 1 3 ;  s i m u l a t o r  #2 c o n s i s t s  of A 6 ,  A 8 ,  A10, A 1 2 ,  a n d  A14. 
Modules  A 3 ,  A 4 ,  a n d  A 1 8  p r o v i d e  f u n c t i o n s  common t o  both s imu-  
l a t o r s .  Modules  A 1 5 ,  A 1 6  a n d  A 1 7  p r o v i d e  a means f o r  l o a d i n g  
a n d  r e a d i n g  t h e  Vehic le  Memory. Modules  A 1 9  a n d  A20 a r e  u s e d  t o  
d r i v e  t h e  f r o n t  p a n e l  d i s p l a y  l amps .  Module A21 is a c o m m e r c i a l  
V a r i o g o n "  p h a s e  s h i f t e r  b u i l t  t o  o p e r a t e  a t  1 2 . 8  MHz, S h i e l d i n g  
is p r o v i d e d  be tween  b a y s ,  be tween  t h e  d i g i t a l  a n d  r-f s e c t i o n s  of 
the  d r a w e r ,  a n d  o n  t h e  b o t t o m ,  be tween  t h e  R-F s o u r c e s  for t h e  
d i g i t a l  a n d  t h e  R-F m o d u l e s ,  T a b l e  7-2 p r e s e n t s  a l i s t i n g  o f  
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T i t l e  
H, F. Mixer 
VHF Demodula ' tor  
Channe l  VCO s 
Channe l  VCO's  
R e f e r e n c e  VCO 
R e f e r e n c e  VCO 
F r e q u e n c y  D i v i d e r s  
F r e q u e n c y  D i b i d e r s  
Code C o n t r o l  U n i t  
Code C o n t r o l  U n i t  
Da ta  E n c o d e r  
Da ta  Encoder  
Memory Prog. G e n .  
Memory Data Clock 
Memory P r o g .  C o n t r o l  
Time P u l s e  Genera  t o r  
Lamp D r i v e r  
Lamp D r i v e r  
Var iogon .  Phase S h i f t e r  
7.3.2 R-F T r a n s l a t o r  (1A2) 
P a r t  No .  
0 1  -22488H0 1 
0 1-22663 HO 1 
0 1 -2 26 88H0 1 
01-22688H01 
01-22694H01 
01  -22694H01 
01 -22444H01 
01-22444HOi 
0 1-2 6384GO 1 
01-26384603. 
01-26381601 
0 1-2638160 1 
01-2639OGO1 
01-26392001 
01  -26 39460 1 
01-26387001 
01-29197G01 
0 1-2 91  97G01 
V56A52 
M a n u f a c t u r e r  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
Moto ro la  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
N i l s e n  Mfg. C o ,  
The 1A2 d r a w e r  shown i n  f i g u r e  7-5 c o n t a i n s  t he  h igher  f r e q u e n c y  
c i r c u i t r y  (138, 1800, a n d  2214 MHz) .  I t  is a f u l l y  s h i e l d e d ,  R-F 
t i g h t  e n c l o s u r e .  The i n t e r n a l  p o r t i o n s  of t h e  d r a w e r  a r e  compar t -  
mented t o  p r o v i d e  s h i e l d i n g  be tween  t h e  v a r i o u s  f u n c t i o n s .  The 
M F  (138 MHz) c i r c u i t r y  a n d  the  s u p p l y  d i s t r i b u t i o n  a r e  i n  s e p a r a t e  
compar tmen t s  o n  t h e  b o t t o m  of t h e  c h a s s i s .  S e p a r a t e  compar tmen t s  
a r e  p r o v i d e d  i n  the t o p  s e c t i o n  f o r  t h e  c a l i b r a t e d  a t t e n u a t o r  a n d  
€or h o u s i n g  the  three R-F t y p e  modu les .  The l a t t e r  a r e  (2) 
m u l t i p l i e r s ,  X16 (28.1 t o  450 MHz)  f o r  t h e  two t r a n s p o n d e r  s imu-  
l a t o r s ,  a n d  a m u l t i p l i e r ,  X64 (6.4 t o  414 MHz) for the 2214 t o  
1800 MWz t r a n s l a t o r .  T a b l e  7-3 p r e s e n t s  a l i s t i n g  of ma jo r  compo- 








TABLE 7-3. Components of R-F T r a n s l a t o r  Drawer 








M u l t .  X16, B i p h a s e  Mod. 
M u l t .  X16, B i p h a s e  Mod. 
M u l t i p l i e r  X64 
M u l t i p l i e r  X 4  
Mu 1 t i p l  i e  r X4 





0 1-2 846 9HO 1 
01-28469H01 






M o t o r o l a  
M o t o r o l a  
S a g e  Labs  
7 . 3 . 3  Checkou t  Equipment  Power S u p p l i e s  (1A3) 
Power s u p p l i e s  t o  o p e r a t e  t h e  V-C/O Equipment  c i r c u i t r y  a r e  
c o n t a i n e d  i n  1A3 d r a w e r .  T h e s e  i n c l u d e  commerc ia l  modu la r  u n i t s  
s u p p l y i n g  +9 vdc ,  -9 v d c ,  +3.5 vdc a n d  c i r c u i t r y  to d e r i v e  -3 .5  
vdc from t h e  -9 vdc s u p p l y .  The +3.5 vdc s u p p l y  is a c t u a l l y  
o p e r a t e d  a t  +5.2 vdc which p e r m i t s  f u r t h e r  d e c o u p l i n g  i n  t h e  1 A l  
d r a w e r  t o  +3.5 v o l t s .  
7 . 3 . 4  Vehicle  Power S u p p l y  (1PS1) 
A v o l t a g e  o f  +28 vdc a t  7 a m p e r e s  for t h e  AROD Vehic l e -Borne  
Equipment  is s u p p l i e d  b y  t h e  lPSl d r a w e r .  The s u p p l y  is a com- 
m e r c i a l  u n i t  (Lambda LM-F28) a n d  is a d j u s t a b l e  over a r a n g e  of 
24-32 v o l t s  t o  s i m u l a . t e  v a r i o u s  o p e r a t i o n a l  c o n d i t i o n s  d u r i n g  
Vehicle  Equipment  Checkou t .  
7 . 3 . 5  Rack C o o l i n g  
* 
A b lower  is i n s t a l l e d  a t  t h e  b o t t o m  of t h e  r a c k  a n d  is d e s i g n e d  
t o  k e e p  the  i n t e r n a l  r a c k  t e m p e r a t u r e  rise t o  less  t h a n  15'C above 
a m b i e n t ,  
7.3.6 Size  a n d  Weight 
T a b l e  7-4 g ives  t h e  s i ze  a n d  weight of t h e  V-C/O Equipment  a n d  
v a r i o u s  s u b a s s e m b l i e s  
, 
7 -9 
TABLE 7-4. Equipment  S i z e  a n d  Weigh t s  
R-F T r a n s l a t o r  Drawer, 1A2 
V-C/O Power S u p p l i e s  
Vehic le  Power S u p p l y  
E l e c t r o n i c  C o u n t e r  
B l o w e r  Assembly 
I I I 
7.4 VEHICLE CONTROL DRAWER, 1 A l  
7.4.1 Assembly R e q u i r e m e n t s  
The Vehicle C o n t r o l  Drawer is d i v i d e d  i n t o  f o u r  b a s i c  s e c t i o n s .  
The l e f t  h a l f  of t h e  d r a w e r  is s i m u l a t o r  N o .  1 a n d  t h e  r i g h t  h a l f ,  
s i m u l a t o r  N o .  2.  T h e s e  h a l v e s  a r e  i n  t u r n  d i v i d e d  l a t e r a l l y  t o  
s e p a r a t e  rf a n d  d i g i t a l  f u n c t i o n s .  S h i e l d i n g  is p r o v i d e d ,  i n  
o r d e r  t o  r e d u c e  c r o s s t a l k  between S i m u l a t o r s  a n d  t o  i s o l a t e  t he  
rf from t h e  d i g i t a l  c i r c u i t r y .  D i g i t a l  power w i r i n g  is s e p a r a t e d  
f r o m  r-f power w i r i n g  b y  s h i e l d s  o n  t h e  b o t t o m  o f  t h e  d r a w e r .  
7.4.2 D e s i g n  Approach I 
The f u n d a m e n t a l  d e s i g n  a p p r o a c h  o f  t h e  Vehicle C o n t r o l  Drawer 
followed d e s i g n s ,  bo th  m e c h a n i c a l  a n d  e l e c t r i c a l ,  p r e v i o u s l y  
worked o u t  f o r  t h e  AROD T r a n s p o n d e r  S t a t i o n  Equipment .  The r-f 
modules  a r e  c o n s t r u c t e d  i n  t he  3 -channe l  a r r a n g e m e n t  p r o v i d i n g  
good r f i  p r o t e c t i o n  a n d  a l l o w i n g  f o r  - c o n v e n i e n t  a s s e m b l y .  D i g i t a l  
modules  a r e  b u i l t  on  6 x 6 i n c h  m o t h e r b o a r d s  a n d  u t i l i z e  t o  a 
g r e a t  e x t e n t  m i c r o h a r n e s s  modules  d e v e l o p e d  f o r  t h e  T r a n s p o n d e r  
S t a t  i o n .  
7-10 
I 
7.4.3 T h e o r y  of O p e r a t i o n  
7-4.3.1 T r a n s p o n d e r  S i m b l a t o r  Mode 
Each  of the t r a n s p o n d e r  s i m u l a t o r s  is d e s i g n e d  t o  work w i t h  
three of t h e  f o u r  V e h i c l e  Equipment  Receiver C h a n n e l s .  S i m u l a t o r  
N o .  1 on A ,  B,  or C a n d  S i m u l a t o r  No. 2 on  c h a n n e l s  B, C, or D. 
For s i m p l i c i t y ,  t h i s  d i s c u s s i o n  w i l l  be l i m i t e d  t o  s i m u l a t o r  
No, 1, b u t  is a p p l i c a b l e  t o  s i m u l a t o r  No. 2 i f  n o m e n c l a t u r e  a n d  
f r e q u e n c i e s  a r e  changed .  
The t r a n s m i s s i o n  i s  d e r i v e d  from a s t a b l e  12 .8  MHz VCO l o c a t e d  
i n  module 1AlA7. The f r e q u e n c y  may be se t  q u i t e  p r e c i s e l y  w i t h  
t h e  t e n - t u r n  p o t e n t i o m e t e r  (Rl) on  t h e  d r a w e r  f r o n t  p a n e l ,  To 
o b t a i n  a n  o u t p u t  f r e q u e n c y  of p r e c i s e l y  28.11875 MHz, a phase -  
l o c k e d  l o o p  is u s e d ,  c o m p r i s e d  of p a r t  of 1AlA5, 1AlA7, a n d  1AlA9. 
The o p e r a t i o n  is shown i n  t h e  s i m p l i f i e d  block d i a g r a m ,  f i g u r e  7-6, 
The 12.8 MHz s i g n a l  is d o u b l e d  a n d  mixed w i t h  t h e  28.11875 MHz t o  
p roduce  a d i f f e r e n c e  o u t p u t  of 2.51875 MHz. T h i s  is s h a p e d  a n d  
d i v i d e d ,  i n  fAlA9,  by 403 t o  p r o v i d e  a 6 . 2 5  kHz p u l s e  o u t p u t  
h a v i n g  a p p r o x i m a t e l y  20 - 80 p e r c e n t  symmetry.  The 6 .25  kHz 
o u t p u t  is m u l t i p l i e d  b y  64 and  s h a p e d  t o  form a 400 kHz sym- 
m e t r i c a l  s q u a r e  wave. The  12 .8  MHz i n p u t  t o  1AlA9 is d i v i d e d  
by  32 t o  p r o v i d e  a n o t h e r  400 kHz s q u a r e  wave .  T h e s e  two 400 kHz 
s i g n a l s  a r e  compared i n  a n  " e x c l u s i v e  or"  c i r c u i t  which p r o d u c e s  
a n  800 kHz o u t p u t ,  t h e  symmetry of which is d e p e n d e n t  upon t h e  
p h a s e  r e l a t i o n  of t h e  two 400 k H z  s i g n a l s .  The 800 kHz o u t p u t  is 
f e d  i n t o  a n  a c t i v e  l o o p  f i l t e r  which d e t e c t s  a n d  a m p l i f i e s  the 
d c  s h i f t  p roduced  b y  t h e  v a r y i n g  symmetry of t he  800 kHz s q u a r e  
wave. The o u t p u t  of t he  l o o p  f i l t e r  d r i v e s  t h e  28.11875 MHz VCO, 
s u c h  t h a t  a n y  c h a n g e  i n  d c  o u t p u t  from zero v o l t s  p r o d u c e s  a c h a n g e  
i n  p h a s e  of t h e  VCO, i n  t u r n  d r i v i n g  t h e  l o o p  f i l t e r  o u t p u t  b a c k  
t o w a r d s  zero v o l t s ,  
The phase - locked  l o o p  h a s  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  
Open l o o p  g a i n  15,750 
Loop f i l t e r  d c  g a i n  23 




I n  c h a n g i n g  o p e r a t i o n  t o  C h a n n e l  B, t h e  channel  VCO is changed  
t o  28.125 MHz a n d  the  f r e q u e n c y  d i v i d e r  is changed  t o  404. For 
Channe l  C ,  t h e  VCO becomes 28.13125 a n d  the d i v i d e r  405. The 
p r o p e r  YCO a n d  d i v i d e r  r a t i o  a r e  s e l e c t e d  b y  c o n t a c t s  on  t h e  
CHANNEL SELECTOR, S53, on  the  f r o n t  p a n e l  of 1 A f  d r a w e r .  The 
o u t p u t  of t h e  1 A l  d r a w e r  is t h e n  f e d  t o  the  1 A 2  d r a w e r  f o r  a X64 
m u l t i p l i c a t i o n  r e s u l t i n g  i n :  
C h a n n e l  A: 28.11875 x 64 = 1799.6 MHz 
C h a n n e l  B: 28.125 x 64 = 1800.0 MHz 
Channe l  C: 28.13125 x 64  = 1800.4 MHz ~ 
C h a n n e l  D: 28.1375 x 64 = 1800.8 MHz 
Da ta  f o r  u s e  i n  m o d u l a t i n g  t h e  L-Band s i g n a l  ( a c c o m p l i s h e d  i n  
1A2 drawer )  a r e  g e n e r a t e d  from t h e  1 2 . 8  MHz s i g n a l  i n  t h e  Code 
C o n t r o l  U n i t ,  1 A l A 1 1 ,  S t a t u s  of AH and  DRC, a n d  s i t e  d a t a ,  a r e  
g e n e r a t e d  i n  t h e  Da ta  E n c o d e r ,  1AlA12, a n d  u s e d  t o  d r i v e  t h e  c o d e  
c o n t r o l  u n i t  t o  g e n e r a t e  t h e  c o m p l e t e  T r a n s p o n d e r  S t a t i o n  modu- 
l a t i o n .  E i t h e r  "low-code" or "Track" mode may be s e l e c t e d  b y  a 
f r o n t  p a n e l  s w i t c h .  
7 . 4 . 3 . 2  T r a n s l a t o r ,  or C o h e r e n t ,  Mode 
S i n c e  a m a j o r  p o r t i o n  of t h e  c o h e r e n t  mode c i r c u i t r y  is  con-  
t a i n e d  i n  t he  1 A 2  d r a w e r ,  a c o m p l e t e  d e s c r i p t i o n  of t h i s  mode is  
reserved f o r  t h e  d i s c u s s ; i o n  i n  p a r a g r a p h  7 . 5 . 3 . 2 .  
The f u n c t i o n  of t h e  1 A l  d r a w e r  i n  the  c o h e r e n t  mode is t o  
g e n e r a t e  a s u b h a r m o n i c  of the t r a n s l a t i o n  f r e q u e n c y  of 414.4,  
414.0,  413.6, or 413.2 MHz. 
s u b h a r m o n i c ,  34.59375 MHz, from t h e  v e h i c l e  e q u i p m e n t .  The  
34.59375 MHz s i g n a l  is mixed w i t h  t h e  2 8 . 1  MHz VCO s i g n a l  t o  
p r o d u c e  f r e q u e n c i e s  a s  follows: 
T h i s  is done b y  u t i l i z i n g  t h e  S-Band 
Channe l  A:  34.59375 -28.11875 = 6,475 MHz 
Channe l  B: 34.59375 -28.125 =i 6.46875 MHz 
C h a n n e l  C:" 34.59375 -28.13150 = 6.4625 MHz 
ChanneZ, D: 34.59375 -28,1375 6.45625 hlHZ 
i 7-13 
To g e n e r a t e  these f r e q u e n c i e s ,  t h e  p r o p e r  VCO and  d i v i d e r  
programming a r e  s e l e c t e d  by CHANNEL SELECTOR, 553. T r a n s p o n d e r  
s i m u l a t o r  N o .  1 is u s e d  f o r  c h a n n e l s  A a n d  €3; w h e r e a s ,  s i m u l a t o r  
N o .  2 is u s e d  f o r  c h a n n e l s  C a n d  D. The c o d e  c o n t r o l  u n i t s  of 
1 A l  d r a w e r  a r e  n o t  u sed .  H o w e v e r ,  a n  o u t p u t  of t h e  12.8 MHz 
r e f e r e n c e  VCO is f e d  to  t h e  Vehicle t r a n s m i t t e r  c o d e  c o n t r o l  
u n i t ,  a l o n g  w i t h  s i t e  d a t a  f rom t h e  c o d e  g e n e r a t o r s ,  t o  p r o d u c e  
m o d u l a t i o n  on  t h e  Vehicle t r a n s m i s s i o n  which  is c o h e r e n t  w i th  
t h e  V-C/O 12.8 MHz VCO. 
7 . 4 . 3 . 3  Code C o n t r o l  U n i t s  
A c o d e  c o n t r o l  u n i t  ( 1 A l A 1 1 ,  1AlA12) v e r y  s i m i l a r  i n  d e s i g n  
t o  t h e  T r a n s p o n d e r  S t a t i o n  code c o n t r o l  u n i t  is p r o v i d e d  f o r  
e a c h  s i m u l a t o r .  Each  code c o n t r o l  u n i t  g e n e r a t e s  t h e  t r a n s p o n d e r  
t r a n s m i t  Z c o d e  ( c / o  TT-Z a n d  c/o TT-E) which is u s e d  t o  m o d u l a t e  
t h e  L-Band t r a n s m i s s i o n s .  I t  u t i l i z e s  t he  1 2 . 8  r e f e r e n c e  f re-  
quency  t o  g e n e r a t e  t h e  H-code s e q u e n c e  and  t h e  L-code s e q u e n c e .  
I n  a d d i t i o n ,  i t  a c c e p t s  '%-Band Da ta"  from t h e  Da ta  E n c o d e r  t o  
p roduce  t h e  c o m p l e t e  d a t a  s i g n a l s .  P r o v i s i o n  is  made t o  s w i t c h  1 
t h e  o u t p u t  from L CE D t o  L 
p a n e l  s w i t c h ,  S48.  The c o d e  c o n t r o l  u n i t s  a r e  a l s o  c a p a b l e  of 
b e i n g  preset  b y  a d e l a y e d  L127 p u l s e  (RANGE, ' ADJUST & RESET). 
I 
1 H (FL FL/2) D by  u s e  of a f r o n t  
7.4.3.4 S-Band Da ta  E n c o d e r s  3 
* i *  
A d a t a  e n c o d e r  (1AlA13, 1 A l A 1 4 )  is p r o v i d e d  f o r  e a c h  t r a n s -  1 
i 
ponder  s i m u l a t o r .  I t  g e n e r a t e s  a 10-bit  message f o r m a t  e s s e n -  1 
t i a l l y  t h e  same a s  p roduced  b y  t h e  T r a n s p o n d e r  S t a t i o n  C o n t r o l  
- 1  
L o g i c .  The g e n e r a t e d  message i s  t r a n s m i t t e d  a t  t h e  r a t e  of .i 
a p p r o x i m a t e l y  50 i n f o r m a t i o n  b i t s  p e r  s e c o n d ,  which c o r r e s p o n d s  
t o  1 b i t  p e r  L-code p e r i o d .  
p u l s e s  from e i t h e r  t h e  c/o code c o n t r o l  u n i t  or t h e  Vehicle  Code 
C o n t r o l  U n i t ,  t h e  s e l e c t i o n  of which be ing  d e t e r m i n e d  by t h e  
p o s i t i o n  of CHANNEL SELECTOR, S53. The s y n c  p o r t i o n  of t h e  c o d e d  
The e n c o d e r  u t i l i z e s  L127 a n d  L59 
o u t p u t  c o n s i s t s  of 3 b i t s ,  h a v i n g  s u b - b i t  l o g i c  l eve l s  of 111000, I i 
7-14 
Y 
The n e x t  6 b i t s  c o n s t i t u t e  t he  s t a t i o n  I D  a n d  a r e  prokrammable 
t h r o u g h  t h e  f r o n t  p a n e l  switches (S29-34 for c h a n n e l  A-B-C, a n d  
S35-40 f o r  Channe l  B-C-D). The l a s t  b i t  p r o v i d e s  the s t a t u s  of 
AH and  DRC i n  a c c o r d a n c e  w i t h  t he  s e t t i n g  of c o n t r o l  swi tches ,  
5 4 1 ,  S42 (Channe l  A-B-C) a n d  S43, S44 (Channe l  B-C-D) . 
F u n c t i o n a l  D e s c r i p t i o n  
The  S t a t i o n  C o n t r o l  L o g i c  E n c o d e r  Module,  69-24444G is used  
t o  g e n e r a t e  t h e  r e q u i r e d  S-band t i m i n g  a n d  d a t a  f o r m a t .  It  a l s o  , 
e n c o d e s  t h e  s i t e  I D  c o d e  d a t a  f o r  S-band t r a n s m i s s i o n .  The S-band 
d a t a  a r e  t r a n s m i t t e d  t o  t h e  veh ic l e  i n  a 10-bi t  d a t a  f o r m a t  a s  
shown i n  f i g u r e  7-7. The f i rs t  3 b i t s  (6 s u b - b i t s )  a r e  u s e d  a s  
word s y n c ,  which  is r e p r e s e n t e d  b y  t h e  s u b - b i t  p a t t e r n  111 000. 
B i t s  t4  t h r o u g h  tg a r e  t h e  s i t e  I D  c o d e ,  which  a r e  i n s e r t e d  b y  
6 t o g g l e  switches. I The l a s t  b i t ,  tlO, r e p r e s e n t s  t he  s t a t i o n  
s t a t u s .  The s i g n i f i c a n c e  of t he  two s t a t u s  s u b - b i t s  is g i v e n  
(T-DRC) . 
i n  t a b l e  7-5. 
a n d  t h e  s e c o n d  s u b - b i t  r e p r e s e n t s  t h a t  of D o p p l e r - r e v e r s e - c o m p l e t e  
The first s u b - b i t  r e p r e s e n t s  t h e  s t a t u s  of T-AH 
I S t a t u s  Sync  S i t e  I D  
F i g u r e  7-7. S-Band Data  Format  
TABLE 7-5, S t a t i o n  S t a t u s  
7-15 
The S-band 
Each  d a t a  b i t  
I 
d a t a  r a t e  is a p p r o x i m a t e l y  50 b i t s  p e r  s e c o n d .  
is encoded  i n t o  two s u b - b i t s .  A d a t a  b i t  ONE i n  
t he  s i t e  I D  c o d e  is encoded  i n t o  a s u b - b i t  ZERO f o l l o w e d  b y  a 
s u b - b i t  ONE, w h i l e  a ZERO is encoded  i n t o  a s u b - b i t  p a i r  of 
ONE - ZERO. The s t a t u s  d a t a  b i t  is u n i q u e l y  encoded  as  d e s c r i b e d  
p r e v i o u s l y .  The r e s u l t i n g  t r a n s m i s s i o n  r a t e  is a p p r o x i m a t e l y  
100 s u b - b i t s  p e r  s e c o n d .  
Implementa t i o n  
The Encoder  Module,  69,-24444G, u s e s  TL59 a n d  TL127 from t h e  
t r a n s p o n d e r  Code C o n t r o l  L o g i c  a s  clock p u l s e s .  G a t e  G 1 6  a c c e p t s  
a n d  combines  t h e  two s i g n a l s  t o  form -t- TL 
l a b e l e d  a s  q. 
a n d  is r o u t e d  t o  a n  EX/OR (I36 of F i g u r e  7-e), which s e l e c t s  e i the r  
t h i s  c lock  o r  t h a t  of t h e  c h e c k o u t  equ ipmen t  c lock ,  C/O TL59 -t 
R e g a r d l e s s  of whichever i n p u t  c lock is selected,  f l i p - f l o p  FF6 
( f i g u r e  7-8) d i v i d e s  t h e  o u t p u t  p u l s e s  of t h e  EX/OR by 2 t o  p r o -  
v i d e  t h e  Encoder  Module w i t h  CLSB a n d  CLSB. 
which is 1 2 7 '  
The o u t p u t  of G 1 6  comes o u t  of t h e  module 
from g a t e  G 1 1 ,  a s  d e t e r m i n e d  by  t h e  g a t e  c o n t r o l  swi tch .  TL127 
-
The 10-b i t  S-band d a t a  f o r m a t  is g e n e r a t e d  b y  a 10's c o u n t e r ,  
FF4, FF5,  FF6 and  FF7, i n  t h e  Encoder  Module. F l i p - f l o p s  FF4, 
FF5, a n d  FF6 a r e  c o n n e c t e d  a s  a s h i f t  r eg i s t e r  w i t h  f e e d b a c k s  
g a t e d  t h r o u g h  G 1 3  a n d  G 1 4 .  FF7 is a s i m p l e  b i n a r y  t o g g l e  f l i p -  
f l o p .  The 10 s t a t e s  of t h e  c o u n t e r  and  t h e  c o r r e s p o n d i n g  
T - p u l s e s  a r e  g i v e n  i n  t a b l e  7-6. Note t h a t  n o t  a l l  10  s t a t e s  
a r e  e x p l i c i t l y  u s e d .  G a t e s  G21, G22, a n d  G23 a r e  a r r a n g e d  t o  
p i c k  o u t ,  r e s p e c t i v e l y ,  the S-band T 2 ,  T3 ,  a n d  T9 p u l s e s  
(no r e l a t i o n  t o  the  vehicle T - p u l s e s ) .  The S-band t i m i n g  d i a g r a m  . 
is shown i n  f i g u r e  7-9. 
The word s y n c  p a t t e r n  (111 000) is  g e n e r a t e d  by s e l e c t i n g  t h e  
s e c o n d  h a l f  of T2 wi th  G 1 2  a n d  c o m b i n i n g  i t  w i t h  T 3  a t  G l l .  G 1 0  
is used  a s  a n  i nve r t e r  t o  p r o v i d e  t h e  p r o p e r  p h a s e  for G20, The 
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t h r o u g h  G 4  and G 5 .  The ZERO o u t p u t  of FF2 e n a b l e s  t h e  s i t e  I D  
d a t a  t o  p a s s  t h r o u g h  e i the r  G 1 8  or G 1 9 .  FF2 is  reset a t  T9 ,  
w h i c h  a l s o  sets FF1 f o r  o n e  F p u l s e  p e r i o d .  The ZERO o u t p u t  of 
FFI e n a b l e s  t h e  s t a t i o n  s t a t u s  d a t a  t o  p a s s  t h r o u g h  G 1 7 .  The 
s i g n i f i c a n c e  of t h e  s t a t i o n  s t a t u s  b i t  is  g i v e n  i n  t a b l e  7-5. 
The f i r s t  s u b - b i t  of T I 0  r e p r e s e n t s  t h e  s t a t u s  of F A H  and t h e  
s e c o n d  sub-b i t  r e p r e s e n t s  t h e  complement of T-DRC. 
s i t e  I D  d a t a ,  and s t a t i o n ;  s t a t u s  a r e  combined by G 1 0  t o  form a 
s i n g l e  s e r i a l  o u t p u t .  The EX/OR, A l ,  is used  a s  a d a t a  s e l e c t i o n  
g a t e  t o  a c c e p t  e i ther  t h e  o u t p u t  of G10 or e x t e r n a l  d a t a ,  s u c h  a s  
a new memory s y s t e m .  The a c t u a l  d a t a  s e l e c t i o n  is d e t e r m i n e d  by 
t h e  s t a t e  of FF3. If i t  is a ZERO, t h e  o u t p u t  of G10 is  t r a n s -  
m i t t e d  t o  t h e  v e h i c l e ,  o t h e r w i s e  e x t e r n a l  d a t a  is t r a n s m i t t e d .  
Whenever t h e  LOAD MEMORY s i g n a l  is a ONE, LOAD MEMORY is neces-  
s a r i l y  a ZERO, and FF3 is se t  by TIO-CLsB t o  se lec t  t h e  e x t e r n a l  
i n p u t  d a t a  and t o  e n a b l e  D1 t o  s u p p l y  CLSB c l o c k  p u l s e s  t o  t h e  
ex te rna l  d a t a  s o u r c e . ’  As long a s  t h e  LOAD MEMORY s i g n a l  r e m a i n s  
a ONE, o n l y  e x t e r n a l  d a t a  a r e  t r a n s m i t t e d  t o  the v e h i c l e .  
a s  t h e  LOAD MEMORY s i g n a l  fo r  t h e  S-Band Manual D a t a  Encoder  is 
c o n n e c t e d  t o  Vcc, t h e  e x t + r n a l  d a t a  mode of o p e r a t i o n  is e f f e c t i v e l y  
i nh i b i t e d +, 
The s y n c ,  






The S-band d a t a  format is a l w a y s  g e n e r a t e d  by t h e  Evcoder  
Module a s  l o n g  a s  Vcc and c l o c k  p u l s e s  a r e  a v a i l a b l e .  The s i t e  
I D  d a t a  and s t a t i o n  s t a t u s  a re  i n s e r t e d  i n t o  t h e  d a t a  format by 
t h e  a p p r o p r i a t e  T -pu l ses .  The s i t e  I D  code  is r e p r e s e n t e d  by 6 
t o g g l e  s w i t c h e s ,  S1 t h r o u g h  S6. T h e s e  switches a r e  a r r a n g e d  t o  
e i ther  p i c k  up t h e  p e r t i n e n t  F p u l s e  or ground  d u r i n g  t h e  i n t e r v a l  
be tween T4 and T9. S i n c e  o n l y  T9 is a v a i l a b l e  f r o m  t h e  Encoder  
Module i n  t h i s  i n t e r v a l ,  a s h i f t  r e g i s t e r  (FF1 t h r o u g h  FF5 of 
f i g u r e  7-8) is  used  t o  g e n e r a t e  t h e  r e q u i r e d  T-pu l ses .  
and e x p a n d e r  G 2  of  f i g u r e  7-8 combine t h e  o u t p u t  o f  t h e  Switches 
G a t e  G 1  
and f u r n i s h  t h e  Encoder  Module w i t h  SITE I D  DATA and SITE I D  
DATA. 
The T-DRC and F A H  s i g n a l s  a r e  s i m u l a t e d  by t w o  t o g g l e  s w i t c h e s ,  -1 
and SAH r e s p e c t i v e l y .  Note t h a t  t h e  ONE i n p u t  t o  SAH is ‘DRC 
4 
ground  w h i l e  t h e  ZERO i n p u t  is Vcc. T h i s  is e x a c t l y  o p p o s i t e  t o  
t h e  no rma l  d e f i n i t i o n  b u t  is n e c e s s a r y  s o  a s  t o  s u p p l y  t h e  Encoder  
Module w i t h  t h e  correct i n t e r f a c e  s i g n a l .  
a t  t h e  ONE p o s i t i o n ,  it i m p l i e s  t h a t  ‘ F A H  is a ONE, b u t  t h e  a c t u a l  
o u t p u t  is low (AH),, 
by G 9 .  
the ‘DRC 
When t h e  SAH s w i t c h  is 
G a t e  ‘G6 o f  t h e  Encoder  Module combines  t h e  - 
s w i t c h  o u t p u t  w i t h  CLSB. The SDRc o u t p u t  is  combined w i t h  CLSB 
S 4 H  “ 6  
i 
The e f f ec t  of g a t i n g  t h e  SAH s w i t c h  o u t p u t  w i t h  CLSB and 
c_. 
s w i t c h  o u t p u t  w i t h  CLSB i s  t o  encode  t h e  P A H  s i g n a l  i n t o  
J t h e  f i r s t  s u b - b i t  and t h e  T-SDRC s i g n a l  i n t o  t h e  s e c o n d  s u b - b i t .  
F i n a l l y  t h e  o u t p u t  of G 6  and G9 is g a t e d  t h r o u g h  G 1 7  by T10 ( t h e  
t a b l e  7-5. 
- 
ZERO o u t p u t  of FF1). The o u t p u t  of  G 1 7  is t h e  complement of t 
The o p e r a t i o n  of t h e  S-Band Manual Da ta  E n c o d e r  is r e l a t i v e l y  
s i m p l e ,  Assume t h a t  power and  i n p u t  c l o c k  p u l s e s  a r e  p r o p e r l y  
c o n n e c t e d .  The Manual Da ta  Encoder  a u t o m a t i c a l l y  g e n e r a t e s  t h e  
s y n c  p a t t e r n  and  e n c o d e s  t h e  o u t p u t  of t h e  s i t e  I D  and  s t a t i o n  
s t a t u s  s w i t c h e s .  I f  t h e  6 s i t e  ID swi tches  a r e  a l l  s e t  a t  ZERO 
and t h e  two s t a t i o n  s t a t u s  swi t ches  a r e  s e t  a t  ONE, t h e  S-band 
t r a n s m i s s i o n  d a t a  c o n s i s t  o f  7 ONE-ZERO s u b - b i t  p a i r s  i n t e r l a c e d  
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A d e l a y  c i r c u i t ,  c o n s i s t i n g  of two d i s c r e t e  component one-shots, 
is a l s o  i n c o r p o r a t e d  o n  t h e  S-Band E n c o d e r  m o t h e r b o a r d  f o r  
p r o v i d i n g  a d e l a y e d  TLlZ7 p u l s e  (VTL127) t o  t h e  V e h i c l e  Checkout  
(C/O) Code C o n t r o l  u n i t .  The f i r s t - o n e - s h o t  (O.S.#l) is  t r i g g e r e d  
by t h e  TL127 i n p u t  p u l s e  a n d  p r o v i d e s  a n  o u t p u t  p u l s e ,  t h e  w i d t h  
of w h i c h  is v a r i a b l e  from 0 .2  - 13.3 m i l l i s e c o n d s  and  c o n t r o l l e d  
by a n  e x t e r n a l  p o t e n t i o m e t e r  l a b e l e d  TL127 TIME DELAY ! CONTROL. 
The s e c o n d  o n e - s h o t  (0 , s .  #2) is t r i g g e r e d  by t h e  t r a i l i n g  edge  
o f  t h e  0,s. #1 o u t p u t  p u l s e  a n d  i n  t u r n  p r o v i d e s  a n  o u t p u t  p u l s e  
h a v i n g  a f i x e d  w i d t h  of 400 m i c r o s e c o n d s  ( n o m i n a l ) ;  t h i s  o u t p u t  
p u l s e  is  f u r t h e r  a m p l i f i e d  by G 1 0  and  D 3 .  A s e c u n d  i n p u t  t o  D 3  
f rom t h e  C/O CODE CONTROL s w i t c h  is u s e d  a s  a n  e n a b l e  f o r  
I .  
c o n t r o l l i n g  t h e  t r a n s m i s s i o n  of VTL127 t o  t h e  code  c o n t r o l  u n i t .  
7 . 4 . 3 . 5  Time Pulse G e n e r a t o r  
The Time P u l s e  G e n e r a t o r ,  1 A l A 1 8 ,  g e n e r a t e s  t h e  waveforms 
n e c e s s a r y  t o  e f f e c t  a p r i n t o u t  o f  t h e  d e s i r e d  d a t a  w o r d .  The 
V e h i c l e  Da ta  Readout  u n i t  n o r m a l l y  p r o v i d e s  a s e r i a l  s t r e a m  of 
t e n  words  o f  d a t a  t o  t h e  t e l e m e t r y  e q u i p m e n t ,  The t e l e m e t r y  
s u p p l i e s  p u l s e s  a t  t h e  r a t e  of 4 p p s ,  t h i s  r a t e  h a v i n g  a s l i g h t l y  
l a r g e r  p e r i o d  t h a n  r e q u i r e d  t o  encompass  t h e  e n t i r e  d a t a  f o r m a t  
be tween p u l s e s .  The p u l s e s  a r e  r e f e r r e d  t o  a s  "Reset TM" p u l s e s ,  
The Time Pulse  G e n e r a t o r  s u p p l i e s  t h e  Reset TN p u l s e s  d u r i n g  t e s t ,  
by d i v i d i n g  down a 40 p p s  o s c i l l a t o r .  I n  a d d i t i o n ,  i t  g e n e r a t e s  
a " P r i n t  Command" p u l s e  p r o p e r l y  t i m e d  t o  t h e  Reset TM p u l s e  so 
t h a t  any  one  of t h e  t e n  d a t a  r e a d o u t  words  may be p r i n t e d  o u t  o n  
I t h e  HP-562A D i g i t a l  P r i n t e r ,  The d e s i r e d  word is s e l e c t e d  by t h e  
, 
f r o n t  p a n e l  s w i t c h ,  S58 ,  WORD SELECT. . The Time P u l s e  G e n e r a t o r  
a l s o  g e n e r a t e s  a ''Reset RT" p u l s e ,  a c u t a t e d  by t h e  f r o n t  p a n e l  
s w i t c h  559, w h i c h  r e se t s  t h e  Veh ic l e  5-minute  t imer .  
7 . 4 . 3 . 6  Memory P rogram G e n e r a t o r  
The Memory Program G e n e r a t o r  c o n s i s t s  of t h ree  modu les ,  1 A l A 1 5 ,  
i 1 6 ,  and  1 7 ,  and  a l t h o u g h  q e p a r a t e d ,  t h e y  o p e r a t e  a s  8 u n i t ,  t i e d  
J l  t o  t h e  f r o n t  p a n e l  c o n t r o l  s w i t c h e s  Sl-S28. The f u n c t i o n  is t o  
l o a d  a n d / o r  r e a d ,  t h e  Vehic le  m a g n e t i c  core memory. The g e n e r a t o r  
t 
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is d r i v e n  by a n  i n t e r n a l  c l o c k  of a p p r o x i m a t e l y  800 H z ,  I n  
l o a d i n g  t h e  memory, a ser ies  o f  2 4  c y c l e s  is g a t e d  o n ,  p r o d u c i n g  
1 2  b i t s  of "Prime" d a t a  a l t e r n a t i n g  w i t h  12 b i t s  of " A l t e r n a t e "  
d a t a .  These  2 4  b i t s  a r e  programmable w i t h  s w i t c h e s  S5 t h r o u g h  528. 
The ser ies  of 2 4  b i t s  is r e p e a t e d  5 more t imes,  w i t h  c o d i n g  
s w i t c h e s  reset  e a c h  t ime, t o  l o a d  i n  t h e  6 p r ime  and  a l t e r n a t e  
s t a t i o n  I D ' S  and  t h e  6 p r ime  a n d  a l t e r n a t e  maximum r a n g e s .  
Twenty- four  t o g g l e  switches a r e  u s e d  t o  g e n e r a t e  t h e  l o a d  
memory d a t a  where e a c h  s w i t c h  r e p r e s e n t s  a d a t a  b i t .  The 2 4  d a t a  
b i t s  a r e  d e f i n e d  a s  a memory word,  which  c o n s i s t s  o f  6 b i t s  e a c h  
of pr ime and  a l t e r n a t e  s i t e  I D  c o d e s  a n d  t h e i r  r e s p e c t i v e  maximum 
r a n g e  d a t a ,  The d a t a  b i t  a r r a n g e m e n t  w i t h i n  a memory word i s  
shown i n  F i g u r e  7-10, where Pn and  A n ,  n = 1, 2 ,  ...., 1 2 ,  
r e p r e s e n t  r e s p e c t i v e l y  t he  n t h  b i t  of t h e  pr ime and  a l t e r n a t e  s i t e  
d a t a .  T h i s  is t h e  e x a c t  p o s i t i o n  i n  which t h e  p r ime  and  a l t e r n a t e  
s i t e  d a t a  a r e  s t o r e d  i n  the  v e h i c l e  memory. 
ONE MEMORY WORD 
'IA 1P2A2P3A3P4A 4'SA SPGA 6P7A7P8A 8P9A9P10A 1 O P 1 l A  l fP12A12 
F i g u r e  7-10. Memory Word Da ta  Format  
I n  a c t u a l  s y s t e m  o p e r a t i o n ,  t h e  v e h i c l e  memory is u n d e r  t h e  
c o n t r o l  o f  t h e  Sys tem C o n t r o l  L o g i c .  Memory d a t a  a r e  s e r i a l l y  
r e a d  o u t ,  a c o m p l e t e  word a t  a t ime,  w i t h  P1 f i r s t  and  A 
The Sys t em C o n t r o l  L o g i c  s e p a r a t e s  t h e  p r ime  and  a l t e r n a t e  s i t e  
d a t a .  The a p p r o p r i a t e  s i t e  I D  d a t a  c o d e s  a r e  t r a n s m i t t e d  t o  t h e  
t r a n s p o n d e r  s t a t i o n  i n  t h e  same o r d e r  i n  which t h e y  a r e  r e a d  o u t  
l a s t .  12 
of t h e  memory, S i n c e  d a t a  a r e  a l w a y s  r e a d  o u t  i n  the  same order  
a s  l o a d e d  i n t o  t h e  v e h i c l e  memory, i t  is  e x t r e m e l y  i m p o r t a n t  i n  
s e t t i n g  up t h e  2 4  d a t a  swi t ches  t h a t  t h e  low o r d e r  b i t  o f  e a c h  
g r o u p  is l o a d e d  i n t o  t h e  memory f i r s t ,  T h i s  is p a r t i c u l a r l y  t r u e  




i n  t he  o p p o s i t e  o r d e r ,  . i t  is i m p o s s i b l e  fo r  t h e  v e h i c l e  Sys tem 
C o n t r o l  L o g i c  t o  o b t a i n  m e a n i n g f u l  resul ts  f rom the maximum r a n g e  
d a t a  compar i son  o p e r a t i o n .  
The Memory Program G e n e r a t o r  is b u i l t  o n  3 m o t h e r b o a r d s ,  ex- 
c l u d i n g  t h e  i n d i c a t o r  l i g h t  and  s w i t c h e s  which are  l o c a t e d  on  t h e  
f r o n t  c o n t r o l  p a n e l .  The l o g i c  d i ag ram is shown i n  F i g u r e  7-11. 
Load Memory 
The Memory Program , G e n e r a t o r  p r o v i d e s  two modes o f  o p e r a t i o n ,  
READ or LOAD, a c c o r d i n g  t o  t h e  s e t t i n g  o f  t h e  READLOAD s w i t c h .  
T h i s  s e c t i o n  d e s c r i b e s  t h e  LOAD memory l o g i c  a s  g i v e n  i n  F i g u r e  
7-11. The READ o p e r a t i o n  is d e s c r i b e d  i n  t h e - R e a d  Memory s e c t i o n .  
The b a s i c  i n p u t  c l o c k  is l a b e l e d  2CL. I t  may be e i t h e r  i n t e r n a l  
or e x t e r n a l .  For c o n v e n i e n c e ,  an  o s c i l l a t o r ,  D 1  and D2, is b u i l t  
, i n t o  t he  G e n e r a t o r  which may be used  a s  t h e  2CL c l o c k  s o u r c e .  
F l i p - f l o p  FF5 d i v i d e s  t h e  2CL c l o c k  by 2 t o  f u r n i s h  t h e  CL and E 
p u l s e s  for  i n t e r n a l  o p e r a t i o n .  
c 
Assume t h a t  t he  READ/LOAD s w i t c h  is i n  t h e  LOAD p o d i t i o n  and 
t h e  o p e r a t i o n  s w i t c h  is OFF. The 2 4  d a t a  swi tches  a r e  p r o p e r l y  
s e t  t o  p r o v i d e  t h e  r e q u i r e d  d a t a  f o r  t h e  f i r s t  word t o  be l o a d e d  
i n t o  t h e  memory. A s  l o n g  a s  the  o p e r a t i o n  s w i t c h  is i n  t h e  OFF 
p o s i t i o n ,  t h e  G e n e r a t o r  ,is i n o p e r a t i v e  due t o  the  f a c t  t h a t  t h e  
o u t p u t  of G2 is a ONE ( h i g h  l e v e l ) .  When t h e  o p e r a t i o n  s w i t c h  is 
changed from t h e  OFF t o  t h e  ON p o s i t i o n ,  t h e  f o l l o w i n g  e v e n t s  
o c c u r :  
' 1. The o u t p u t  o f  61 i m m e d i a t e l y  becomes a ONE which f o r c e s  
, 
a ZERO a t  t h e  o u t p u t  of  G2 t o  e n a b l e  t h e  G e n e r a t o r  t o  
o p e r a t e  a c c o r d i n g  t o  t h e  s e t t i n g  o f  t h e  READ/LOAD s w i t c h ,  
G a t e  G13 combines  t he  o u t p u t  of 62 and -Y t o  p u t  2, 
a.ONE on t h e  LOAD MEMORY o u t p u t  l i n e  f o r  t h e  v e h i c l e  
memory c o n t r o l  l o g i c ,  
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3. G19 de tec t s  the  d i f f e r e n t  s t a t e s  i n  FF1 and  FF2, and 
s e n d s  a one - sho t  p u l s e  t o  p r e s e t  t he  v e h i c l e  memory word 
c o u n t e r  t o  t h e  l a s t  word p o s i t i o n .  F l i p - f l o p  FF21 is s e t  
by t h e  PRESET p u l s e  t o  t u r n  on  a lamp on t h e  f r o n t  p a n e l ,  
which i n d i c a t e s  t h a t  t h e  G e n e r a t o r  is i n  t h e  l o a d  memory 
mode. 
After the  Memory Program G e n e r a t o r  c o m p l e t e s  t h e  above  h o u s e k e e p i n g  
r o u t i n e s ,  i t  is r e a d y  f o r  t h e  a c t u a l  e x e c u t i o n  o f  t h e  l o a d  memory 
o p e r a t i o n .  
The l o a d  memory d a t a  a r e  p r o v i d e d  by the  2 4  d a t a  s w i t c h e s .  
These  s w i t c h e s  a r e  l a b e l e d  P1 t h r o u g h  P12 and A1 t h r o u g h  A12 a s  
shown i n  F i g u r e  7-11. 
t h e  pr ime s i t e  I D  code  and  P7 t h r o u g h  P12 i t s  maximum r a n g e  d a t a ,  
P, ,  and  P7. r e p r e s e n t  t h e  low o r d e r  b i t s ,  Z0, o f  t h e i r  r e s p e c t i v e  
g r o u p s  w h i l e  P6 and P12 t h e  h igh  o r d e r  b i t s ,  2 . The A n  switches 
a r e  s i m i l a r l y  d i v i d e d  t o  g e n e r a t e  t h e  r e q u i r e d  d a t a  f o r  t h e  a l t e r -  
n a t e  s i t e .  These d a t a  a r e  s e r i a l l y  l o a d e d  i n t o  t h e  v e h i c l e  memory 
i n  a f i x e d  word f o r m a t ,  a s  shown i n  F i g u r e  7-10. The pr ime and 
a l t e r n a t e  s i t e  d a t a  a r e  i n t e r l a c e d  i n  s u c h  a manner t h a t  t h e  pr ime 
s i t e  d a t a  a r e  a l w a y s  l o c a t e d  i n  the  odd b i t  p o s i t i o n s  and the  
a l t e r n a t e  s i t e  d a t a  i n  the  e v e n  b i t  p o s i t i o n s  c o u n t i n g  f rom l e f t  
t o  r i g h t .  F o r  a g i v e n  memory word, P1 e n t e r s  t h e  v e h i c l e  memory 
f i rs t  and A12 l a s t ;  i . e , ,  low o r d e r  b i t  f i r s t .  F o r  most p r a c t i -  
c a l  p u r p o s e s ,  i f  t h e  s i t e  I D  c o d e s  e n t e r  t h e  v e h i c l e  memory i n  
t h e  o p p o s i t e  o r d e r ,  i t  is p o s s i b l e  t o  s e t  t h e  s i t e  I D  s w i t c h  bank 
i n  t h e  t r a n s p o n d e r  s t a t i o n  a c c o r d i n g l y  so  t h a t  i t  r e s p o n d s  t o  t he  
a p p r o p r i a t e  s e t  o f  4 s i t e  I D  c o d e s  s t o r e d  i n  t h e  v e h i c l e  memory. 
However, t h e  maximum r a n g e  d a t a  m u s t  e n t e r  and l e a v e  t h e  v e h i c l e  
memory low o r d e r  b i t  f i r s t ,  o t h e r w i s e  t he  maximum r a n g e  d a t a  com- 
p a r i s o n  o p e r a t i o n  per formed by t h e  v e h i c l e  s y s t e m  c o n t r o l  l o g i c  
is  m e a n i n g l e s s ,  
Switches P1 t h r o u g h  P6 a r e  u s e d  t o  g e n e r a t e  
5 
The a c t u a l  l o a d  memory o p e r a t i o n  c y c l e  is i n i t i a t e d  by t he  
START/ADVANCE p u s h  b u t t o n  s w i t c h .  The o u t p u t  of  t h e  s w i t c h  is 
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s h i f t e d  i n t o  FF3 and FF4 by t h e  CL p u l s e s  t o  s y n c h r o n i z e  t h e  swi t ch  
o u t p u t  w i t h  t h e  i n t e r n a l  t i m i n g  p u l s e s  a s  shown i n  Figure 7-12, and 
t o  e l i m i n a t e  c o n t a c t  bounce .  The o u t p u t  o f  G 5  is  a one - sho t  p u l s e  
which  s t a r t s  t h e  T-pulse  g e n e r a t o r ,  FF8 t h r o u g h  FF20. A s  a ONE is  
s h i f t e d  i n t o  FF8, g a t e  G21 a p p l i e s  a p o s i t i v e  p u l s e ,  T1 ,  which is 
one CL p e r i o d  w i d e ,  t o  t h e  ONE s i d e  of b o t h  d a t a  switches P1 and 
A1. 
d a t a  swi tches .  The o u t p u t  of  a l l  pr ime s i t e  d a t a  s w i t c h e s  a r e  
combined t o g e t h e r  by G42, G43,G44, and G41 t o  form a s i n g l e  
o u t p u t .  The o u t p u t  of t h e  a l t e r n a t e  s i t e  d a t a  switches a r e  
s i m i l a r l y  combined by 6 4 5 ,  G46, G47, and G40. The pr ime s i t e  d a t a  
a r e  c o n t r o l l e d  by t h e  CL p u l s e s  a t  G39 and t h e  a l t e r n a t e  s i t e  d a t a  
by the  p u l s e s  a t  G 3 8 .  The pr ime and a l t e r n a t e  s i t e  d a t a  a r e  
f i n a l l y  combined t o g e t h e r  a t  6 3 7  b e f o r e  t h e y  a r e  l o a d e d  i n t o  t h e  
v e h i c l e  memory t h r o u g h  G 3 6 .  The e f f e c t  o f  g a t i n g  the  pr ime s i t e  
d a t a  w i t h  CL and the a l t e r n a t e  s i t e  d a t a  w i t h  E i s  t o  d i v i d e  e a c h  
T-pulse  i n t o  two h a l v e s  w i t h  t h e  pr ime s i t e  d a t a  o c c u r r i n g  i n  t he  
f i r s t  h a l f  a n d  t h e  a l t e r n a t e  s i t e  d a t a  d u r i n g  the  second  h a l f .  
T h e r e f o r e ,  two d a t a  b i t s  a r e  l o a d e d  i n t o  t h e  v e h i c l e  memory d u r i n g  
e a c h  T-pulse  p e r i o d .  
The o t h e r  T - p u l s e s  a r e  s i m i l a r l y  a p p l i e d  t o  t h e  c o r r e s p o n d i n g  
> 
I 
A s  t h e  LOAD MEMORY DATA emerges  from G36, t h e  v e h i c l e  memory 
1 c o n t r o l  l o g i c  is p r o v i d e d  w i t h  e x a c t l y  2 4  READLOAD c l o c k  p u l s e s  
i 
L !  by G 3 5 .  These  2 4  p u l s e s  a r e  s y n c h r o n i z e d  w i t h  t h e  l o a d  memory d a t a  
by FF7, wh ich  is s e t  by t h e  s t a r t  p u l s e  a t  the  same time a s  FF8 of  
t h e  T-pulse  g e n e r a t o r ,  After  t h e  l a s t  d a t a  b i t ,  A12, of a memory 
word is l o a d e d  i n t o  t he  v e h i c l e  memory, FF7 is  r e s e t  a t  T12. The 
memory c o n t r o l  l o g i c  a u t o m a t i c a l l y  a d v a n c e s  t he  word c o u n t e r  t o  t h e  
n e x t  word p o s i t i o n .  A d d i t i o n a l  words may be l o a d e d  i n t o  t h e  
memory by r e p e a t i n g  t h e  l o a d  memory p r o c e d u r e  d e s c r i b e d  above .  
When t h e  v e h i c l e  memory is c o m p l e t e l y  loaded , .  i t  s e n d s  a LOAD 
MEMORY COMPLETE s i g n a l  back  t o  t h e  G e n e r a t o r  t o  reset FF21, which  
t u r n s  o f f  t h e  l o a d  memory i n d i c a t o r  l i g h t .  A l though  t h e  i n d i c a t o r  
l i g h t  is t u r n e d  o f f  a f t e r  t h e  v e h i c l e  memory is c o m p l e t e l y  l o a d e d ,  
t h e  Memory Progr'am G e n e r a t o r  r e m n i n s  i n  t h e  LOAD memory mode, 
U n t i l  t h e  REb, D/LOAD s w i t c h  i s  manua l ly  changed t o  READ, t h e  
i 
- >  1 






START/ADVANCE p u s h b u t t o n  s w i t c h  a l w a y s  se t s  FF21 t o  k e e p  t h e  l o a d  
memory i n d i c a t o r  l i g h t  on and  l o a d s  d a t a  i n t o  the  veh ic l e  memory. 
After  t h e  v e h i c l e  memory is  c o m p l e t e l y  l o a d e d ,  t h e  OPERATION 
s w i t c h  m u s t  be r e t u r n e d  t o  t h e  OFF p o s i t i o n  so  a s  t o  p r e v e n t  
a c c i d e n t a l  l o a d i n g  of unwanted d a t a  i n t o  the  memory. 
Read Memory 
The Memory Program G e n e r a t o r  may be used  t o  r e a d  d a t a  o u t  of 
1 
t h e  v e h i c l e  memory. The READ o p e r a t i o n  is i n t e n d e d  p r i m a r i l y  a s  
a means t o  v e r i f y  t h e  c o r r e c t n e s s  o f  t h e  d a t a  l o a d e d  i n t o  t h e  
v e h i c l e  memory. T h e r e  a r e .  t w o  o p t i o n s  i n  which d a t a  may be r e a d  
o u t  of t he  v e h i c l e  memory, d e p e n d i n g  on  t h e  p o s i t i o n  of t h e  
COMPLETE/ONE WORD s w i t c h ,  I f  t h e  s w i t c h  i s  i n  t he  COMPLETE 
p o s i t i o n ,  t h e  Memory Program G e n e r a t o r  s u p p l i e s  the  v e h i c l e  memory t *.I w i t h  the r equ i r ed  READ clock p u l s e s  and  a n  advance  memory s i g n a l  
t o  c o m p l e t e l y  r e c y c l e  the v e h i c l e  memory. If t h e  s w i t c h  is s e t  
a t  t h e  ONE WORD p o s i t i o n ,  o n l y  t h e  s e l e c t e d  memory word is 
r e p e a t e d l y  r e a d  o u t .  The d e s i r e d  word is se lec ted  m a n u a l l y  w i t h  
t h e  START/ADYANCE P.B. s w i t c h .  i 
I t  is n o t  p r e m i s s i b l e  t o  change  t he  p o s i t i o n  of t h e  READ/LOAD 
s w i t c h  u n l e s s  t h e  OPERATION s w i t c h  is  i n  t h e  OFF p o s i t i o n .  When 
the  READLOAD s w i t c h  i s  i n  t h e  READ p o s i t i o n ,  t he  o u t p u t  of G 8  
, i n h i b i t s  t h e  LOAD MEMORY DATA a t  G 3 6  and  a l s o  forces  t h e  LOAD 
MEMORY s i g n a l ,  o u t p u t  o f  G13, t o  become a ZERO, The a c t u a l  READ 
memory o p e r a t i o n  s t a r t s  w i t h  t h e  OPERATION s w i t c h .  A s  t h e  s w i t c h  
p o s i t i o n  is changed  f rom OFF t o  ON,  G 1 9  g e n e r a t e s  a one - sho t  
p u l s e  a s  d e s c r i b e d  i n  t h e  LOAD MEMORY s e c t i o n .  T h i s  o n e - s h o t  
p u l s e  is u s e d  t o  p r e s e t  t he  v e h i c l e  memory word c o u n t e r  t o  t h e  
l a s t  word p o s i t i o n  and  is g a t e d  t h r o u g h  G 9 ,  G 1 0 ,  G 1 1 ,  and  G 3 3  t o  
s t a r t  t h e  T-pulse  g e n e r a t o r  and  t o  s e t  f l i p - f l o p ' F F 7 .  G a t e  G 3 5  
is e n a b l e d  by t h e  r e se t  o u t p u t  of FF7 t o  s u p p l y  t h e  v e h i c l e  
memory w i t h  2CL READ/LOAD c l o c k  p u l s e .  As t h e  T-pu l se  g e n e r a t o r  
c o u n t s  t o  T12,  FF7 is rese t  t o  i n h i b i t  t h e  READAOAD c l o c k  p u l s e s  
a t  G35, so t h a t  o n l y  t w e n t y - f o u r  (24)  2CL p u l s e s  a r e  s u p p l i e d  t o  
t h e  v e h i c l e  memory p e r  READ c y c l e .  If t h e  COMPLETE/ONE WORD 


















G49 t o  se t  f l i p - f l o p  FF6 f o r  one CL p u l s e  p e r i o d  which  e n a b l e s  G 1 8  
t o  c l Q c k  t o  advance  t h e  v e h i c l e  memory word c o u n t e r  t o  t h e  
n e x t  word p o s i t i o n .  T13 r e s e t s  FF6 and a t  t he  same t ime i t  is  
r e c i r c u l a t e d  through G9 t o  r e s t a r t  the  T-pu l se  g e n e r a t o r  and  a l s o  
s e t s  FF7 t o  r e a d  t h e  n e x t  word. The READ c y c l e  i s  r e p e a t e d  e v e r y  
13CL p u l s e s  u n t i l  i t  is s t o p p e d  by t h e  0PERATION:switch. 
I f  the  COMPLETE/ONE WORD s w i t c h  is i n  t he  ONE WORD p o s i t i o n ,  
t h e  a u t o m a t i c  advance  memory f e a t u r e  is removed by i n h i b i t i n g  T12 
a t  G 6 .  The d e s i r e d  word 
is  se l ec t ed  w i t h  the START/ADVANCE P.B. s w i t c h .  When t h i s  s w i t c h  
is a c t u a t e d ,  G 5  g e n e r a t e s  a o n e - s h o t  p u l s e  t o  s e t  FF6,  which  
a l l o w s  o n l y  t h e  n e x t  T13 t o  p a s s  t h r o u g h  G 1 8  t o  advance  t h e  
v e h i c l e  memory word c o u n t e r .  T h e r e f o r e ,  the  d e s i r e d  word c a n  
a l w a y s  be l o c a t e d  by t h e  u s e  o f  t he  START/ADVANCE P.B. s w i t c h ,  
7 . 4 . 3 . 7  Lamp D r i v e r s  
- 
The same word is  ' r e p e a t e d l y  r e a d  o u t .  
- 
z 
The V e h i c l e  C o n t r o l  d r a w e r  c o n t a i n s  two i d e n t i c a l  lamp d r i v e r  
modu les ,  1 A l A 1 9  and  1AlA20. E a c h  module is d e s i g n e d  t o  d r i v e  16 
l a m p s ,  8 w i t h  l o g i c a l  If1" i n p u t  and 8 w i t h  l o g i c a l  "0" i n p u t .  
The c i r c u i t  makes u s e  of ha l f -wave  r e c t i f i e d  a l t e r n a t i n g  c u r r e n t  
a s  a lamp source.  I n  a d d i t i o n  t o  t h e  s a v i n g  i n  d-c power s u p p l i e s ,  
t h i s  a r r a n g e m e n t  p e r m i t s  t h e  u s e  o f  a s i m p l e ,  s e l f - q u e n c h i n g  
s i l i c o n  c o n t r o l l e d  r e c t i f i e r  d r i v e r .  The c i r c u i t s  a r e  d e s i g n e d  
t o  be p o s i t i v e l y  "ON" o r  "OFF" a s  r e q u i r e d  w i t h  a n  i n p u t  of 0 t o  
0 .25 vdc and  t o  s w i t c h  a t  a . v o 1 t a g e  g r e a t e r  t h a n  0 . 7 5  v d c .  To 
p r o v i d e  i s o l a t i o n  f o r  t h e  V e h i c l e  Equipment  c i r c u i t r y ,  a 5600 ohm 
r e s i s t o r  is  p r o v i d e d  i n  e a c h  s t a t u s  l i n e .  S t a n d a r d  l og ic  l e v e l s  
a r e  r e c e i v e d  f o r  V4 s t a t e ,  AL and  A H .  I n v e r t e d  l o g i c  l e v e l s  a r e  
r e c e i v e d  f o r  t h e  V o ,  V1, V2 '  and  V3 s t a t e s .  





The V a r i o g o n  Phase  S h i f t e r  is a p r o p r i e t a r y  d e s i g n  of t h e  N i l s e n  
Company, I t  u t i l i z e s  t h $ i r  s p e c i a l  c a p a c i t i v e  r e s o l v e r  p r o d u c i n g  
a smooth 360 d e g r e e  p h a s e  s h i f t  t o  t h e  1 2 . 8  MHz i n p u t  f o r  each 
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g i v e  the u n i t  a n  o v e r a l l  g a i n  o f  e s s e n t i a l l y  z e r o  dB, and t o  l i m i t  
harmonic  and s p u r i o u s  c o n t e n t  i n  t he  o u t p u t  t o  a n  e x t r e m e l y  low 
l e v e l .  
7 . 4 . 3 . 9  VHF Demodulator  
j 
A s i m p l i f i e d  b l o c k  d i ag ram o f  t h e  VHF Demodula tor  is  shown i n  
Figure 7-13. The VHF Demodulator  u t i l i z e s  a p a s s i v e  d i s c r i m i n a t o r  
f o l l o w e d  by a n  i n t e g r a t o r  t o  r e c o v e r  t h e  18.75 kHz s u b c a r r i e r  
f rom the  138 MHz c a r r i e r .  The d i s c r i m i n a t o r  is wide bandwidth  
(1 MHz) and f a i r l y  low i n  s e n s i t i v i t y ,  r e q u i r i n g  an  i n p u t  of 
a b o u t  +20 dBm from t h e  1A2 d r a w e r .  The 18.75 kHz o u t p u t  is  
a m p l i f i e d  and f e d  i n t o  a b a l a n c e d  d e m o d u l a t o r .  
An 18.75 kHz i n p u t  from t h e  AROD V e h i c l e  is  d e l a y e d  s u c h  t h a t  
i t  is p r e c i s e l y  180 degrees ou t -o f -phase  w i t h  t h e  18.75 kHz 
s u b c a r r i e r  and shaped  i n t o  a s i n e  wave. ( S i n c e  the  l a t t e r  was 
d e r i v e d  f rom t h e  f o r m e r  i n  t h e  Vehicle  e q u i p m e n t ,  there  is no 
p r o b l e m  o f  s y n c h r o n i z a t i o n . )  T h i s  s i g n a l  is a l s o  f e d  i n t o  t h e  i 
b a l a n c e d  d e m o d u l a t o r .  Th'e o u t p u t  is  a t h r e e - l e v e l  l o g i c  s i g n a l ,  
w h i c h ,  when a m p l i f i e d  and f i l t e r e d ,  c a n  be compared t o  t he  
o r i g i n a l  s u b - b i t  d a t a .  
7 .5  R-F TRANSLATOR DRAWER, 1A2 
7 . 5 . 1  Assembly R e q u i r e m e n t s  
The as sembly  p r o v i d e s  a c a l i b r a t e d  o u t p u t  a t  1800 MHz a t  l e v e l s  
down t o  -140 or -150 dBm. T h i s  requires  e x c e p t i o n a l l y  good 
s h i e l d i n g ,  e s p e c i a l l y  f rom t h e  i n p u t  of t he  c a l i b r a t e d  a t t e n u a t o r  
t o  t h e  o u t p u t  t e r m i n a l  o f  t h e  d r a w e r ,  
7 . 5 . 2  Des ign  Approach 
The drawer  is d i v i d e d  v e r t i c a l l y  by a h o r i z o n t a l  p l a t e .  D-C) 
60 H z  a c ,  and 138 MHz VHF s i g n a l s  a r e  c o n t a i n e d  i n  t h e  bot tom 
s e c t i o n ,  w i t h  t h e  d c  and 60 H z  AC p a r t i t i o n e d  o f f  from t h e  138 
MHz. The uppe r  compartment  c o n t a i n s  a l l  S-Band s i g n a l s  a s  we l l  
a s  t h e  subha rmonics  u sed  t o  g e n e r a t e  them. A s e p a r a t e  compartment  
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F i g u r e  7-13. VHF Demodula tor ,  S i m p l i f i e d  B l o c k  Diagram 
7-32 
c 
A l l  s u r f a c e s  a r e  g o l d  p l a t e d  and a l l  pane l -ma t ing  s u r f a c e s  have 
wide f l a n g e s  w i t h  d o u b l e  , g a s k e t i n g  o f  "Metex". 
7.5.3 Theory  of O p e r a t i d n  
7.5.3.1 T r a n s p o n d e r  S i m u l a t o r  Mode 
# 
A s i m p l i f i e d  b lock  d i a g r a m ,  showing o n l y  those components  
used i n  t h i s  mode is  g i v e n  i n  F i g u r e  7-14. An i n p u t  f r e q u e n c y  of 
28.11875, 28.125, o r  28.13125 MHz, d e p e n d i n g  upon the c h a n n e l  o f  
o p e r a t i o n ,  is f e d  t o  55 and a f r e q u e n c y  o f  28.125, 28,13125, or 
28.1375 MHz t o  J6. 
Modules A 1  and A 2  a r e  i d e n t i c a l .  Each  c o n t a i n s  a n  X2 and a n  
X4 m u l t i p l i e r ,  f o l l o w e d  by a b i p h a s e  m o d u l a t o r  and a f i n a l  X2 
m u l t i p l i e r .  The 450 MHz o u t p u t  is fed  t o  a p a s s i v e ,  " s t r i p - l i n e ' *  
X4 m u l t i p l i e r  which u t i l i z e s  a s t e p - r e c o v e r y  d i o d e ,  The o u t p u t s  
of  t h e  two X4 m u l t i p l i e r s  a r e  f e d  t h r o u g h  f i x e d  a t t e n u a t o r s  and 
a d j u s t a b l e  a t t e n u a t o r s  p e r m i t t i n g  i n d i v i d u a l  c h a n n e l  l e v e l - s e t  
a d j u s t m e n t s  f rom the  f r o n t  p a n e l  of  t h e  d r a w e r .  The two s i m u l a -  
t o r  o u t p u t s  a r e  combined i n  AT9 and f e d  i n t o  the c a l i b r a t e d  
a t t e n u a t o r  a t  a l e v e l  a t  a p p r o x i m a t e l y  -40 dBm. The o u t p u t  a t  
524 is t a k e n  t h r o u g h  t h e  d i p l e x e r  A6. I n  o p e r a t i o n ,  t h e  Veh ic l e  
o u t p u t  a t  2214 MHz is p r e s e n t  a t  t h e  o t h e r  o u t p u t  of t h e  d i p l e x e r ,  
b u t  is n o t  u sed  i n  t h i s  mode. E i t h e r  s i m u l a t o r  may be t u r n e d  ON 
o r  OFF by a swi tch  on t h e  f r o n t  p a n e l  of  t h e  1 A f  d r a w e r .  T h i s  
o p e r a t i o n  c o n t r o l s  t h e  a p p l i c a t i o n  o f  i-9 v o l t s  t o  t h e  X16 m u l t i p l i e r .  
J 
7.5.3.2 T r a n s l a t o r  or C o h e r e n t  Mode 
A s i m p l i f i e d  b l o c k  d i ag ram of 1 A 2  components  u s e d  i n  t h e  
c o h e r e n t  mode is  g i v e n  i n  f i g u r e  7-15. T r a n s m i s s i o n  is poss ib l e  
on o n l y  one c h a n n e l  a t  a 
f r e q u e n c y  of t h e  6.4 MHz 
t ime,  d e p e n d i n g  e n t i r e l y  .upon the  
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T h i s  s i g n a l  ( d e f i n e d  i n  p a r a g r a p h 7 . 4 . 3 . 2 )  is m u l t i p l i e d  u p  t o  I 
414 h!Hz i n  A 3  and  mixed i n  A 7  w i t h  n r e d u c e d  a m p l i t u d e ,  2 2 1 4  MHz 
s i g n a l  from t h e  V e h i c l e  T r a c k i n g  T r a n s m i t t e r ,  The  d i f f e r e n c e  
f r e q u e n c y  o u t p u t  of t he  mixer, 1800 MHz, is t h e n  a m p l i t u d e -  
c o n t r o l l e d  a n d  f e d  o u t  t h r o u g h  t h e  d i p l e x e r ,  A 6 ,  t o  form t h e  
Veh ic l e  receiver s i g n a l .  I n  t h i s  c o n f i g u r a t i o n ,  t h e  mas ter  
f r e q u e n c y  c o n t r o l  is t h e  V-C/O 12.8 MHz VCO. Any e r ro r ,  or 
o f f s e t ;  i n  f r e q u e n c y  a p p e a r s  a s  Doppler, a n d  is m u l t i p l i e d  up 
a l o n g  w i t h  t h e  s i g n a l  a n d  a p p e a r s  a s  t h e  co r rec t  a l g e b r a i c a l l y  
m u l t i p l i e d  D o p p l e r  on  the 2214 MHz s i g n a l .  The  V-C/O 12.8 MHz 
VCO a l s o  c o n t r o l s  t h e  V e h i c l e  T r a n s m i t t e r  Code C o n t r o l  i n  t h i s  
mode, which i n  t u r n  p r o v i d e s  t h e  S-Band m o d u l a t i o n .  T h i s  r e s u l t s  
i n  t h e  correct  D o p p l e r  on t h e  m o d u l a t i o n  a s  well. As t h e  D o p p l e r  
c o n s i d e r a t i o n  may be d i f f i c u l t  t o  u n d e r s t a n d ,  c o n s i d e r  t h e  follow- 
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Figure  7-16. D o p p l e r  C o n s i d e r n t i o n  
, 
F is Prom tho V e h i c l e  f r e q u e n c y  s y n t h e s i z e r  a n d  is assumed 
c . o n s t a n t .  f is t h e  V-C/O VCO assumed t o  v o r y  i n  phase nnd 
Dopp'l C Y  offset, which  is actually the d i f : f c i * c n c c  i n  tho Vcliiclc knd 
v 
V 




i The 2214 MHz s i g n a l  is t h e n  64 Fv. The o u t p u t  f r e q u e n c y  f o  is: 
= 64 Fv - 64 [ Fv - ( f v  + D) k] fO 
= 64 Fv 64 Fv '+ 64 ( f v  + D) A 
which  shows t h e  D o p p l e r  t o  be m u l t i p l i e d  by p r e c i s e l y  t he  same 
f a c t o r  a s  t h e  V-C/O VCO. 
If t h e * V - C / O  VCO i s  r e p l a c e d  w i t h  the  V e h i c l e  12.8 MHz VCO, 
which c a n  be done by p r o p e r  p a t c h i n g  on  t h e  f r o n t  p a n e l  of t h e  
1Al d r a w e r ,  t h e  1800 MHz s i g n a l  w i l l  have no  D o p p l e r .  F u r t h e r ,  
i t  w i l l  have  a p h a s e  r e l a t i o n s h i p  t o  t h e  2214 MHz s i g n a l  of a 
s m a l l ,  f i x e d  magn i tude  d e t e r m i n e d  s o l e l y  by t h e  V-C/O Equipment  
de  l a y .  
3 
1 
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7 . 5 . 3 . 3  VHF C i r c u i t r y  1 
I 
The VHF c i r c u i t r y  c o n s i s t s  of a t t e n u a t o r s  and  p r o v i d e s  a 
m o n i t o r  p o i n t  f o r  t h e  Vehicle  S t a t i o n  C o n t r o l  T r a n s m i t t e r .  A 
b l o c k  d i a g r a m  showing  t h i s  p o r t i o n  o f  t h e  1A2 drawer is g i v e n  i n  
F i g u r e  7-17. 
7-6. POWER SUPPLY, V-C/O ( 1 A 3 )  . 
The 1A3 d r a w e r  c o n t a i n s  t h r e e  commercial, modu la r  power 
s u p p l i e d ,  +9 v d c , - 9  vdc, and  +3.5 v d c ,  which s u p p l y  power t o  the  
V-C/O c i r c u i t r y .  A -3 .6  vdc  s o u r c e  is d e r i v e d  f rom the  -9 v 
s u p p l y  by a z e n e r  d i o d e ,  An a d d i t i o n a l  -1-3.6 vdc  s o u r c e ,  d e r i v e d  
f rom t h e  +9 v s u p p l y  is g e n e r a t e d  and  used  t o  reset  t h e  Vehic le  
Sys t em C o n t r o l  L o g i c ,  A p p l i c a t i o n  o f  t h i s  v o l t a g e  is e f f e c t e d  by 
d e p r e s s i n g  "ACQUISITION'' s w i t c h ,  S2, o n  t h e  f r o n t  p a n e l  o f  1A3. 
P l u s  5 v o l t  r e f e r e n c e  v o l t a g e s  f o r  t h e  d i g i t a l  p r i n t e r  a r e  






F i g u r e  7-17. VHF C i r c u i t r y ,  S i m p l i f i e d  Block  Diagram 
S e p a r a t e  f u s i n g  f o r  t h e  three s u p p l i e s  is n o t  n e c e s s a r y  s i n c e  
t h e  s u p p l i e s  have a d e q u a t e  b u i l t - i n  s h o r t  p r o t e c t i o n  f o r  the  l o a d  
s i d e .  The f u s e ,  F1, o f f e r s  s u f f i c i e n t  p r o t e c t i o n  f o r  a s h o r t  i n  
t h e  AC w i r i n g .  F o r  a s c h e m a t i c  d i ag ram of t h e  1 A 3  d r a w e r ,  r e f e r  
t o  Drawing No, 690280875. 
7-38 
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8 .  TRANSPONDER CHECKOUT EQUIPMENT 
8.1 PURPOSE AND USE 
The T r a n s p o n d e r  Checkou t  Equipment  p r o v i d e s  a , t e s t  and  c a l i b r a -  
t i o n  f a c i l i t y  f o r  t h e  AROD t r a n s p o n d e r  s t a t i o n s . '  I t  is i n t e n d e d  
a n d  p r o v i d e  a v i s u a l  i n d i c a t i o n  of t h e  c u r r e n t  & t a t u s  of t h e  
s t a t i o n .  P r o v i s i o n  h a s  been  made t o  a l low q u a n t i t a t i v e  measure-  
ment of t h e  more i m p o r t a n t  o p e r a t i n g  p a r a m e t e r s ,  s u c h  a s  t h r e s h o l d  
s i g n a l  l e v e l s ,  a c q u i s i t i o n  t imes ,  a n d  s i g n a l  d e l a y  v a r i a t i o n s  
t h r o u g h  t h e  s t a t i o n .  
t o  exerc ise  t h e  v a r i o u s  o p e r a t i n g  modes of t h e  t r a n s p o n d e r  s t a t i o n  . ' I  , 
The c h e c k o u t  e q u i p m e n t  is  a v a l u a b l e  t o o l  f o r  m a i n t e n a n c e  
a n d  t r o u b l e s h o o t i n g  of t h e  t r a n s p o n d e r  s t a t i o n .  
8 .2  TEST SET DESCRIPTION . 
The main  p o r t i o n s  of t h e  t e s t  s e t  a re  housed  i n  a s t a n d a r d  
19-inch c a b i n e t  r a c k  h a v i n g  a n  o v e r a l l  h e i g h t  of 5 f e e t ,  R e f e r r i n g  
t o  F i g u r e  8-1, t h e  major s u b a s s e m b l i e s ,  from t h e  t o p  of t h e  r a c k  
down, a r e  a H e w l e t t  P a c k a r d  524521 E l e c t r o n i c  C o u n t e r  w i t h  a 
5262A Time I n t e r v a l  p l u g - i n ,  t h e  T r a n s p o n d e r  C o n t r o l  Drawer (lAl), 
t he  R-F T r a n s l a t o r  Drawer (1A2) ,  a n d  a H e w l e t t  P a c k a r d  r a c k  a d a p t e r  
f r ame  c o n t a i n i n g  a n  H P  4313 Power Meter a n d  a n  H P  410C E l e c t r o n i c  
Voltmeter .  Mounted a t  t h e  r i g h t - h a n d  end  of t h i s  f r ame  i s  t h e  
Main Power ON-OFF s w i t c h ,  which c o n t r o l s  t h e  115-vac power t o  a 
p l u g - i n  s t r i p  l o c a t e d  i n  t h e  r e a r  o f  t h e  r a c k .  Next is a n  8 - inch  
b l a n k  p a n e l  below which a r e  t h e  Checkout  Equipment  Power S u p p l i e s  
(1A3), a n d  a b l o w e r  a s s e m b l y  t o  p r o v i d e  i n t e r n a l  r a c k  c o o l i n g .  
A u x i l i a r y  e q u i p m e n t ,  c o n s i d e r e d  p a r t  o f  t h e  Checkout  Equipment  I 
c o n s i s t s  of a T e k t r o n i x  585A O s c i l l o s c o p e  and  a H e w l e t t  P a c k a r d  
851A Spec t rum A n a l y z e r ,  These  m a j o r  a s s e m b l i e s  a r e  t a b u l a t e d  i n  
T a b l e  8-1. F i g u r e  8-2 shows a r e a r  view o f  t h e  c h e c k o u t  e q u i p m e n t ,  
8-1 
6 '4 1 .2 '1 
F i g u r e  8-1. AROD Transponder  Checkout Equipment,  F r o n t  V i e w  
8 -2 
F i g u r e  8-2. AROD Transponder  Checkout  Equipment ,  Rear V i e w  
8-3 
TABLE 8-1. T-C/O Assembl i e s ,  
Assembly Name 
C a b i n e t  Assembly 
T r a n s p o n d e r  C o n t r o l  
R-F T r a n s l a t o r  
Power S u p p l i e s ,  
T-C/O 
F r e q u e n c y  C o u n t e r  
Time I n t e r v a l  U n i t  
Power Met e r 
E l e c t r o n i c  Voltmeter 
I 
Blower Assembly 
Spec t rum A n a l y z e r  
O s c i l l o s c o p e  
O s c i l l o s c o p e  Plug-In 
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8 5 1 A  /8551A 
5858 
82 
M a n u f a c t u r e r  
M o t o r o l a  
M o t o r o l a  
M o t o r o l a  
Mot or o l a  
Hewle t t -Packa rd  
Hewle t t -Packa rd  
Hew l e  t t -Pa c ka r d 
Hew l e  t t -Pa c ka r d 
Hew l e  t t -Pa c ka r d 
Te k t r o n i x  
T e k t r o n i x  
R e f  e re  nee  
D e s i g n a t i o n  
1 
1 A  1 
1 A 2  
1 A  3 
8.3 ASSEMBLY DESCRIPTION 
A l l  componen t s  w i t h i n  t h e  r a c k  a s s e m b l y  a r e  panel-mounted w i t h  
t h e  e x c e p t i o n  of t he  1 A l  and  1 A 2  drawers ,  wh ich  a r e  s l i d e - m o u n t e d .  
8.3.1 T r a n s p o n d e r  C o n t r o l  Drawer (1Al )  
The T r a n s p o n d e r  C o n t r o l  Drawer ( 1 A l )  is shown i n  F i g u r e  8-3. 
The m a j o r  o p e r a t i n g  c o n t r o l s  and  s t a t u s  i n d i c a t o r s ,  a s  w e l l  a s  
i n t e r c o n n e c t i o n s  t o  the  t r a n s p o n d e r  s t a t i o n ,  a r e  l o c a t e d  on  t h e  
f r o n t  p a n e l .  L o c a t e d  w i t h i n  t h e  d r a w e r  a r e  f o u r  R-F modu les  a n d  
s i x  d i g i t a l  m o t h e r b o a r d s ,  The R-F modu les  a r e  l oca t ed  on the 
l e f t  s i d e  of t h e  d r a w e r  a n d  t h e  d i g i t a l  b o a r d s  on t h e  r i g h t .  
F i g u r e  8-4 shows  the  l o c a t i o n  of t hese  u n i t s .  R ,e fe rence  d e s i g -  
n a t i o n s  have  been  a s s i g n e d  f rom 1 A l A 1  t o  1 A l A 1 0  s t a r t i n g  a t  t h e  
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Module Locat ion 
0 1-22 49 4H01 
Data Encoder 01-26363G01 
lAlAlO Data Modulator 01-26369G01 
Figure 8-4. Transponder Control  Drawer (1Al) 
, 
L 8-6 
t h e  r i g h t  r e a r  d i g i t a l  c a r d .  C o n n e c t i o n s  t o  t h e  
(1A2) and  Checkout  Power S u p p l i e s  ( 1 A 3 )  a r e  made. 
r e a r  p a n e l .  
R-F T r a n s l a t o r  
t h r o u g h  the  
8.3.2 R-F T r a n s l a t o r  Drawer (1A2) 
The R-F T r a n s l a t o r  Drawer (1A2) shown i n  Figure 8-5 c o n t a i n s  
t h e  c i r c u i t r y  and  components  t o  g e n e r a t e  and  p r o c e s s  t h e  VHF, 
L-band, and  S-band c a r r i e r  s i g n a l s  u sed  i n  t he  AROD T r a n s p o n d e r  
S t a t i o n .  I t  is a f u l l y  s h i e l d e d ,  R-F t i g h t  e n c l o s u r e ,  The i n -  
t e r n a l  p o r t i o n s  of  t h e  d r a w e r  a r e  c o m p a r t m e n t a l i z e d  t o  p r o v i d e  
* i s o l a t i o n  between the  v a r i o u s  s i g n a l s .  The VHF c i r c u i t r y  and D-C 
power d i s t r i b u t i o n  a r e  l o c a t e d  i n  s e p a r a t e  compar tments  i n  t h e  
bot tom h a l f  of t h e  d r a w e r .  The c i r c u i t r y  requi red  t o  t r a n s l a t e  
t h e  L-band s i g n a l  f rom t h e  S t a t i o n  T r a c k i n g  T r a n s m i t t e r  t o  t h e  
S-band s i g n a l  r e q u i r e d  by t h e  S t a t i o n  T r a c k i n g  R e c e i v e r  is l o c a t e d  
i n  t h e  uppe r  h a l f  of t h e  d r a w e r .  The S-band l e v e l  a t t e n u a t o r  and 
o u t p u t  c a b l e  a r e  s h i e l d e d  from t h e  r e s t  of the c i r c u i t r y  t o  pre-  
v e n t  s i g n a l  l e a k a g e  when o p e r a t i n g  n e a r  t h re sho ld  s i g n a l  l e v e l s .  
8.3.3 Checkout Equipment  Power S u p p l i e s  ( 1 A 3 )  
The Checkout  Equipment  Power S u p p l i e s  ( 1 A 3 )  c o n s i s t  o f  th ree  
modular  u n i t s  i n  a r a c k  a d a p t e r  f r a m e .  These s u p p l y  t h e  k9 
vdc  and +3.5 vdc  r e q u i r e d  by the  e l e c t r o n i c  c i r c u i t r y  i n  t he  
c h e c k o u t  e q u i p m e n t .  Also mounted on the  f rame is a 6.3 v a c  
t r a n s f o r m e r  wh ich  s u p p l i e s  power t o  t h e  s t a t u s  i n d i c a t o r  
lamps .  An A-C l i n e  c o r d  and a n  MS t y p e  c o n n e c t o r  on  t h e  r e a r  
o f  t h e  u n i t  p r o v i d e  i n p u t  and  o u t p u t  c o n n e c t i o n s . .  An ON-OFF . 
s w i t c h ,  -a p i l o t  lamp and  a n  A-C l i n e  f u s e  a r e  l o c a t e d  on t h e  
f r o n t  p a n e l ,  a s  a r e  t e s t  p o i n t s  f o r  e a c h  of the  three D-C 
o u t p u t  v o l t a g e s .  
8.3.4 Rack C o o l i n g  
Rack c o o l i n g  is p r o v i d e d  by a b lower  a s s e m b l y  a t  t h e  bo t tom 
of t h e  r a c k .  S u f f i c i e n t  c o o l i n g  is p r o v i d e d  t o  m a i n t a i n  t h e  





8.3.5 S i z e  and  Weight 
Subassembly  
Rack,  c o m p l e t e  
T r a n s p o n d e r  C o n t r o l  
R-F T r a n s l a t o r  
T-C/O Power S u p p l i e s  
Powe r Me t e r Frame 
E l e c t r o n i c  C o u n t e r  
Blower Assembly 
, The s i z e s  and  weights  of t h e  s u b a s s e m b l i e s  a re .  g i v e n  i n  
* a b l e  8-2. 
i 
I 
H e i g h t  Width Depth Weight, l b  
60 21 28 3 7 5  
10-1/2 ' 19 21 33 
10-1/2 19 22 42 
-- -- 5-1/4 19 . 
'7 19 I- -- 
-0 -- 5-1/4 19 
7 19 I O  -- 
A 
! 
TABLE 8-2. Equipment  S i z e s  and  Weights  
8.4 THEORY 
8.4.1 T r a n s p o n d e r  C o n t r o l  Drawer 1 A l  
8 .4 .1 .1  F u n c t i o n s  
, 
1 
I 3 The T r a n s p o n d e r  C o n t r o l  Drawer is r e q u i r e d  t o  pe r fo rm s i x  m a j o r  
f u n c t i o n s .  These  f u n c t i o n s  a r e :  
f 
1 1. P r o v i d e  a 34.5-MHz s i g n a l  which h a s  had t h e  s t a t i o n  c o n t r o l  
d a t a  modu la t ed  o n t o  i t .  T h i s  s i g n a l  w i l l  be m u l t i p l i e d  X4 
t h e  S t a t i o n  C o n t r o l  R e c e i v e r .  
i 
I i n  t h e  T r a n s l a t o r  Drawer and form t h e  138-MHz c a r r i e r  f o r  
J 
2, P r o v i d e  any  one  of four s i g n a l s  wh ich ,  a f t e r  m u l t i p l i c a t i o n ,  
w i l l  be t h e  p r o p e r  f r e q u e n c y  t o  t r a n s l a t e  t he  T r a c k i n g  T r a n s -  
mit ter  c a r r i e r  t o  t h e  T r a c k i n g  R e c e i v e r  c a r r i e r  f r e q u e n c y .  
3. P r o v i d e  a reference s i g n a l  t o t h e  T r a n s p o n d e r  T r a c k i n g  
T r a n s m i t t e r  t o  make t h e  L-Band C a r r i e r  c o h e r e n t  w i t h  t he  
Checkout  Equipment r e f e r e n c e  VCO d u r i n g  t e s t i n g .  
8 -9 
4 .  P r o v i d e  a Z code  s e q u e n c e  i d e n t i c a l  t o  t h e  Vehic le  T r a c k i n g  
T r a n s m i t t e r  sequence, T h i s  w i l l  r e p l a c e  f h e  normal  T r a n s - .  
ponder  T r a c k i n g  T r a n s m i t t e r  Modu la t ion  d u r i n g  t e s t i n g  s o  
t h a t ,  a f t e r  t r a n s l a t i o n  t o  t h e  p r o p e r  c a r r i e r  f r e q u e n c y ,  
the  s i g n a l  a p p e a r s  t o  be coming f rom t h e  v e h i c l e .  
5 .  P r o v i d e  a means of' a c c e p t i n g  s t a t u s  i n f o r m a t i o n  from t h e  
t r a n s p o n d e r  and  d i s p l a y i n g  s u f f i c i e n t  i n f o r m a t i o n  t o  keep  
p e r s o n n e l  p e r f o r m i n g  t h e  t e s t s  informed a s  t o  the  p r e s e n t  
s t a t e  of t h e  t r a n s p o n d e r .  
6.  P r o v i d e  a means of m e a s u r i n g  t h e  d i f f e r e n t i a l  d e l a y  t h r o u g h  
t h e  S-band p o r t i o n s  of  t h e  s y s t e m .  ! 
8.4.1.2 Des ign  Approach 
The d e s i g n  a p p r o a c h  used  i n  t h e  c o n s t r u c t i o n  o f  t h e  AROD 
T r a n s p o n d e r  Checkout  equipment  was t o  use ,  whereve r  p o s s i b l e ,  
c i r c u i t r y  which had a l r e a d y  been d e v e l o p e d  f o r  e i t h e r  t h e  AROD 
Vehicle or T r a n s p o n d e r  s y s t e m s ,  The p a c k a g i n g  c o n c e p t  chosen  
was t h a t  u s e d  i n  t h e  AROD T r a n s p o n d e r  S t a t i o n  w i t h  t h e  R-F 
c i r c u i t r y  housed  i n  t h r e e - c h a n n e l ,  p l u g - i n  modules  and the  
d i g i t a l  c i r c u i t r y  on 6 x 6 p l u g - i n  m o t h e r b o a r d s .  A s i m p l i f i e d  
b l o c k  d i ag ram o f  t h e  T r a n s p o n d e r  - C/O s e t u p  is g i v e n  i n  F i g u r e  8-6. 
i 
d 
I 8 . 4 . 1 . 3  Theory  of O p e r a t i o n  I J 
, 
VHF S y n t h e s i z e r  
A s i m p l i f i e d  b l o c k  d i ag ram o f  t h e  VHF s y n t h e s i z e r  is shown 
i n  F i g u r e  8-7. The o u t p u t  o f  t h e  34.5-MSz s y n t h e s i z e r  VCO is 
mixed w i t h  t h e  second  h a r m o n i c ,  2 5 . 6  MHz, of t h e  r e f e r e n c e  VCO. 
T h i s  p r o d u c e s  a n  8.9-MHz s i g n a l  which is  w i t h i n  t h e  o p e r a t i n g  
f r e q u e n c y  r a n g e  o f  the  programmable d i v i d e r  which f o l l o w s .  The 
o u t p u t  of the  d i v i d e r  is f i x e d  a t  6 .25  kHz t o  s a t i s f y  t he  s y s t e m  
r e q u i r e m e n t  t h a t  t h e  VHF c a r r i e r  c a n  be s p a c e d  a t  25-kHz incre-  
men t s  anywhere w i t h i n  t h e  135 t o  150-MHz band.  To p r o v i d e  
I 
8-10 1 j 
i 
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a d d i t i o n a l  l o o p  g a i n ,  t h e  d i v i d e r  o u t p u t  is m u l t i p l i e d  t o  400 kHz 
b e f o r e  phase  compar i son  w i t h  a 400-kHz1 s i g n a l  d k r i v e d  from t h e  
r e f e r e n c e  VCO. The phase  d e t e c t o r  is a d i g i t a l  " e x c l u s i v e - o r "  
c i rcu i t  which p r o d u c e s  a n  800-kHz s i g n a l  a t  i ts  o u t p u t .  The p h a s e  
e r r o r  is r e p r e s e n t e d  by a v a r i a t i o n  i n  t h e  symmetry of t h e  s q u a r e  
wave s i g n a l  a t  t h i s  p o i n t .  T h i s  s i g n a l  is f e d  t o  t h e  l o o p  
f i l t e r  and  D-C a m p l i f i e r  where i t  is f i l t e r e d  and  a m p l i f i e d  t o  
p r o v i d e  t h e  c o n t r o l  v o l t a g e  f o r  t h e  s y n t h e s i z e r  . o s c i l l a t o r .  T h i s  
c loses  t h e  l o o p  and phase  l o c k s  t h e  s y n t h e s i z e r  VCO t o  t h e  r e f e r -  
e n c e  VCO. The l o o p  is  implemented a s  a s e c o n d - o r d e r ,  Type 1 loop 
w i t h  a l o o p  bandwid th ,  BL, of 100 H z  and a l o o p  g a i n  o f  a b o u t  6000. 
Ano the r  o u t p u t  of t h e  s y n t h e s i z e r  VCO is  f e d  t o  a p h a s e  modu- 
l a t o r  where i t  is  modu la t ed  by a n  18.75-kHz s u b c a r r i e r  which 
c o n t a i n s  t h e  s t a t i o n  c o n t r o l  d a t a ,  The c o n t r o l  d a t a  is g e n e r a t e d  
i n  t he  d a t a  e n c o d e r .  I t  is t h e n  used  t o  phase  s h i f t  key the  sub-  
c a r r i e r  i n  t he  d a t a  m o d u l a t o r .  The d a t a  m o d u l a t o r  d e v e l o p s  a n  
18.75-kHz r e f e r e n c e  s i g n a l  and i t s  two q u a d r a t u r e  s i g n a l s .  The 
d a t a  g a t e s  these  th ree  s i g n a l s  such  t h a t  a d a t a  ONE is r e p r e s e n t e d  
by 18 .75  kHz /+goo for t he  f i r s t  h a l f  o f  t he  d a t a  b i t  i n t e r v a l  and 
1 8 . 7 5  /Oo f o r  t h e  second h a l f .  
1 8 . 7 5  kHz / -goo f o r  t he  f irst  h a l f  and  18 .75  kHz /Oo f o r  t he  
s e c o n d  h a l f .  
Channe l  V C O ' s  
-
A d a t a  ZERO is r e p r e s e n t e d  by - 
I___ - 
A b l o c k  d i ag ram o f  t h e  c h a n n e l  VCO loop is  shwon i n  F i g u r e  8-8. 
One o f  t h e  f o u r  o s c i l l a t o r s  is e n e r g i z e d  a s  d e t e r m i n e d  by the  
c h a n n e l  s e l ec t  swi t ch  on  t h e  c o n t r o l  d r a w e r  f r o n t  p a n e l .  The 
same s w i t c h  a u t o m a t i c a l l y  s e t s  t h e  programmable d i v i d e r  t o  t h e  
p r o p e r  r a t i o  between 1033 and 1036 t o  keep  the  d i v i d e r  o u t p u t  
c o n s t a n t  a t  6.25 kHz. The d i v i d e r  o u t p u t  is  m u l t i p l i e d  t o  400 
kHz b e f o r e  b e i n g  p h a s e  compared t o  t h e  400-kHz s i g n a l  d e r i v e d  
from t h e  reference VCO, T h i s  r e s u l t s  i n  a n  i n c r e a s e  i n  t h e  
l o o p  g a i n  by t h e  m u l t i p l i c a t i o n  f a c t o r .  The phase  d e t e c t o r  
o u t p u t  is f e d  t o  t h e  l o o p  f i l t e r  and  D-C a m p l i f i e r  where i t  





t h e  c h a n n e l  VCO. T h i s  c l o s e s  t h e  
c h a n n e l  VCO t o  t h e  r e f e r e n c e  VCO. 
l o o p  and  p h a s e - l o c k s  t h e  
The l o o p  is ifnplemented 
a s  a s e c o n d - o r d e r ,  Type 1 l o o p  w i t h  a l o o p  bandwid th ,  BL, o f  
10 H z  and  a loop  g a i n  o f  a b o u t  4000. 
The o t h e r  o u t p u t  o f  t h e  b u f f e r  a m p l i f i e r  is f e d  t o  t h e  R-F 
T r a n s l a t o r  Drawer,  1 A 2 ,  where i t  is  m u l t i p l i e d  X64 t o  p roduce  
t h e  mixing s i g n a l  r e q u i r e d  t o  t r a n s l a t e  t h e  L-band s i g n a l  f rom 
t h e  T r a c k i n g  T r a n s m i t t e r :  t o  the  S-band c a r r i e r  f r e q u e n c y  o f  t h e  
T r a c k i n g  R e c e i v e r .  
T r a c k i n g  T r a n s m i t t e r  R e f e r e n c e  
D u r i n g  normal  o p e r a t i o n ,  the 19.2-MHz r e f e r e n c e  s i g n a l  for 
t h e  T r a n s p o n d e r  T r a c k i n g  T r a n s m i t t e r  is s u p p l i e d  f rom t h e  Dopp le r  
I n v e r t e r  c i r c u i t r y .  T h i s  s i g n a l  is r e p l a c e d  w i t h  a 19.2-MHz 
s i g n a l  d e r i v e d  by m u l t i p l y i n g  t h e  c h e c k o u t  equipment  r e f e r e n c e  
VCO X3/2 whenever  t h e  c h e c k o u t  equipment  is  b e i n g  u s e d .  T h i s  
r e su l t s  i n  t h e  T r a c k i n g  T r a n s m i t t e r  o u t p u t  s i g n a l  h a v i n g  a t r u e  
Dopp le r  o f f s e t  no m a t t e r  what the s t a t e  o f  t h e  T r a c k i n g  R e c e i v e r .  
I 
T h i s  is n e c e s s a r y  i n  o r d e r  t o  a l l o w  a s i m p l e  t r a n s l a t i o n  of 
t r a n s m i t t e r  c a r r i e r  t o  form t h e  r e c e i v e r  c a r r i e r .  
Code G e n e r a t o r  
S i n c e  t h e  T r a n s p o n d e r  T r a c k i n g  T r a n s m i t t e r  is, by t r a n s l a t i o n ,  
of t h e  c a r r i e r  f r e q u e n c y ,  used  a s  a Vehicle T r a c k i n g  T r a n s m i t t e r  
d u r i n g  t e s t i n g ,  i ts  norma l  r a n g e  code  m o d u l a t i o n  s i g n a l  m u s t  be 
r e p l a c e d  by a s i g n a l  c o r r e s p o n d i n g  t o  v e h i c l e  t r a n s m i t t e r  modu- 
l a t i o n .  The p r o p e r  c o m b i n a t i o n  o f  h i g h  and  l o w  code  pseudo-noise  
sequences is g e n e r a t e d  i n  the Checkout  Equipment  Code G e n e r a t o r  
(1AlA8) and  f e d  t o  t h e  t r a n s p o n d e r  where i t  is used  t o  modu la t e  
t h e  L-band c a r r i e r .  The Code G e n e r a t o r  is d r i v e n  by the 12.8-MI12 
Reference VCO t o  a s s u r e  c o h e r e n c e  o f  a l l  s i g n a l s  and t h e  p r o p e r  




Delay  C o u n t e r  
The De lay  C o u n t e r ,  1AlA6, '  is  used  t o  measure t h e  time d e l a y  
between the  Checkout  and  T r a c k i n g  Receiver r a n g e  code  c l o c k s .  
The r e s o l u t i o n  is i n c r e a s e d  by a f a c t o r  of 128 by f i r s t  m i x i n g  
the  two 6.4-MHz c l o c k  s i g n a l s ,  T-FHS and  C/O-FHS, w i t h  a n  i n t e r -  
n a l l y  g e n e r a t e d  6.35-MHz s i g n a l .  The r e s u l t a n t  50-kHz s i g n a l s  
a r e  f e d  t o  t h e  s e t  and  reset  i n p u t  o f  a f l i p - f l o p .  The f l i p -  
f l o p  o u t p u t  is, t h u s ,  a p u l s e  whose l e n g t h  is  1 2 8  t imes t h e  
d e l a y  between t h e  two code  c l o c k s  and w i l l  o c c u r  once  f o r  e a c h  
t i m e  t h e  r e se t  s w i t c h  on  t h e  f r o n t  p a n e l  is d e p q e s s e d .  T h i s  
p u l s e  is used  t o  g a t e  a 6.4-MHz s q u a r e  wave s i g n a l ,  C/O-FH, i n t o  
a s e v e n - s t a g e  b i n a r y  coun te r .  The s t a t e  o f  t h e  c o u n t e r  s t a g e s  
is d i s p l a y e d  v i s u a l l y  on the  f r o n t  p a n e l .  The r e s o l u t i o n  o f  
t h e  c o u n t e r  is e q u i v a ' l e n t  t o  or a b o u t  1 .22  nanoseconds .  
6 . 4  x 128 
The measurement  is  ambiguous f o r  e a c h - f u l l  h igh  code  b i t  o f  d e l a y .  
The number of f u l l  b i t s  o f  d e l a y  may be d e t e r m i n e d  by u s i n g  a n  
o s c i l l o s c o p e  t o  compare the  two c o d e s .  Each  f u l l  b i t  o f  d e l a y  
is e q u i v a l e n t  t o  a p p r o x i m a t e l y  156  nanoseconds .  
8 . 4 . 2  R-F T r a n s l a t o r  Dqawer 1 A 2  
8 . 4 . 2 . 1  F u n c t i o n s  
The R-F T r a n s l a t o r  Drawer p e r f o r m s  2 m a j o r  f u n c t i o n s ,  which a r e ;  
1. P r o v i d e  a means of m u l t i p l y i n g  the  34.5-MHz s i g n a l  from 
t h e  c o n t r o l  d r a w e r  t o  t h e  138-MHz VHF c a r r i e r  f r e q u e n c y  
and  o f  c o n t r o l l i n g  t h e  s i g n a l  l e v e l  f e d  t o  the s t a t i o n  
c o n t r o l  r e c e i v e r ,  
2 .  P r o v i d e  a means o f  t r a n s l a t i n g  t h e  L-band c a r r i e r  f rom 
t h e  s t a t i o n  t r a c k i n g  t r a n s m i t t e r  t o  t h e  S-band t r a c k i n g  
r e c e i v e r  c a r r i e r  f r e q u e n c y  and  o f  c o n t r o l l i n g  t h e  l e v e l  





8.4 .2 .2  I D e s i g n  Approach " 
The d e s i g n  a p p r o a c h  used  i n  c o n s t r u c t i o n  o f  t h e  R-F T r a n s l a t o r  
was t o  u s e ,  l h e r e v e r  p o s s i b l e  , c o m m e r c i a l l y  a v a i l a b l e  components .  I 
P u r c h a s e d  components  were used  w i t h  the  e x c e p t i o n  o f  t h e  two R-F 
m u l t i p l i e r  modules .  
8 . 4 . 2 . 3  Theory  of O p e r a t i o n  
R e f e r e n c e  t o  t h e  R-F T r a n s l a t o r  Block  Diagram, 69-205335, w i l l  
be v e r y  h e l p f u l  d u r i n g  tHe f o l l o w i n g  d i s c u s s i o n s .  
VHF C i r c u i t r y  
The 34.5-MHz s i g n a l  from t h e  c o n t r o l  d r a w e r  is f e d  t o  t h e  X4 
m u l t i p l i e r  module ,  1A2A2. The 138-MHz s i g n a l  o u t  o f  the  m u l t i -  
p l i e r  g o e s  t o  a r e s i s t i v e  power s p l i t t e r .  One o f  t h e  s p l i t t e r  
o u t p u t s  is f e d  t o  t h e  VHF m o n i t o r  p o i n t  l o c a t e d  beh ind  t h e  R-F 
g a s k e t e d  d o o r  on  t h e  f r o n t  p a n e l  o f  t h e  d r a w e r .  The o t h e r  s p l i t t e r  
o u t p u t  is f e d  t o  a 0-100 dB v a r i a b l e  a t t e n u a t o r .  The a t t e n u a t o r  
o u t p u t  c a n  be a d j u s t e d  from -50 dBm t o  -150 dBm and f o r m s  t h e  i 
i VHF c a r r i e r  s i g n a l  t o  t h e  s t a t i o n  c o n t r o l  rece iver .  
S-Band C i r c u i t r y  I 
4 
The L-band c a r r i e r  f rom t h e  s t a t i o n  t r a c k i n g  t r a n s m i t t e r  is 
i R-F T r a n s l a t o r  Drawer.  ( P r o v i s i o n  h a s  been made t o  e a s i l y  by- 
1 p a s s  t h e  a t t e n u a t o r  when t h e  TWTA is n o t  b e i n g  u s e d . )  The 
1 
i f e d  t o  a 30 d 3 ,  15-watt a t t e n u a t o r  l o c a t e d  on the  r e a r  of  t he  
, 
a t t e n u a t o r  o u t p u t  is f e d  t o  a 10 dB d i r e c t i o n a l  c o u p l e r ,  w i t h  
one o u t p u t  g o i n g  t o  the  L-band m o n i t o r  p o i n t  and  t h e  o t h e r  t o  
t h e  S-Band Mixer. The r e f e r e n c e  s i g n a l  f o r  t h e  mixer is formed 
by m u l t i p l y i n g  t h e  c h a n n e l  VCO s i g n a l  from the c o n t r o l  d rawer  i n  
t h e  X64 m u l t i p l i e r  module,  1A2A1. The two s i g n a l s  a r e  summed by 
t h e  mixer and  a 2214-MHz bandpass  f i l t e r  is used  t o  r e j e c t  s p u r i o u s  
s i g n a l s  a t  t h e  mixer o u t p u t ,  The s i g n a l  is t h e n  f e d  t h r o u g h  a 
PIN d i o d e  l e v e l  s e t  a t t e n u a t o r  which p r o v i d e s  a b o u t  10  dB o f  
c o n t r o l  on t h e  s i g n a l  l eve l  a t  t h i s  p o i n t .  The s i g n a l  is t h e n  
s p l i t  w i t h  one o u t p u t  g o i n g  t o  t h e  S-band m o n i t o r  p o i n t  and t h e  
8-17 
I 
o t h e r  to a 0-100 dB v a r i a b l e  a t t e n u a t o r .  The l e v e l  s e t  i s  
n o m i n a l l y  a d j u s t e d  t o  allow t h e  v a r i a b l e  a t t e n u a t o r  output  to 
v a r y  from -60 dBm to -160 dBm. T h i s  s i g n a l  is f e d  to t h e  
S t a t i o n  Track ing  R e c e i v e r .  
I 
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